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PREFACE. 




The progress of modem science, especially 
witbin the last few years, has been remarkable for 
a tendency to simplify the laws of nature, and to 
unite detached branches by general principles. In 
some cases identity has been proved where there 
appeared to be nothing in common, as in the 
electric and magnetic influences ; in others, as 
that of light and heat, such analogies have been 
pointed out as to justify the expectation that they 
will ultimately be referred to the same agent, and 
in all there exists such a bond of union, that pio- 

/v ficiency cannot be attained in any one without a 

^ knowledge of others. 

:^ Although well aware that a far more extensive 

illustration of these views might have been given, 
the Author hopes that enough has been done to 
show the Connection of the Physical Sciences. 

In order to keep pace with the progress of 
discovery in various branches of the Physical 
Sciences, this book has been carefiilly revised. 
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CONNECTION OP PHYSICAL SCIENCES- 


INTRODUCTION. 


Science, regarded as the pursuit of truth, must ever 
afford occupation of consummate interest, and subject of 
elevated meditation. The contemplation of the works 
of creation elevates the mind to the admiration of what- 
ever is great and noble ; accomplishing the object of all 
study, which, in the eloquent language of Sh* James 
Mackintosh, ** is to inspire the love of truth, of wisdom, 
of beauty-— especially of goodness, the highest beauty 
—and of that supreme and eternal Mind, which con- 
tains all truth and wisdom, all beauty and goodness* 
By the love or delightful contemplation and pursuit of 
these transcendent aims, for their own sake only, the 
mind of man is raised from low and perishable objectSf 
and prepared for those high destinies which are ap- 
pointed for all those who are capable of them." 

Astronomy affords the most extensive example of th^ 
connection of the physical sciences. In it are combined 
the sciences of number and quantity, of rest and mo- 
tion. In it we perceive the operation of a force which 
is mixed up with everything diat exists in the heavens 
or on earth; which pervades every atom, rules the 
motions of animate and inanimate beings, and is as sen- 
sible in the descent of a rain-drop as in the falls of 
Niagara; in the weight of the air, as in the periods of 
the moon. Gravitation not only binds satellites to their 
planet, and planets to the sun, but it connects sun with 
sun throughout the wide extent of creation, and b the 
cause of the disturbances, as well as of the order of 
nature : since every tremor it excites in any one planet 
is immediately transmitted to the farthest limits of the^ 
system, in oscillations, which correspond in their periods 
with the cause producing them, like sympathetic notes 
in music, or vibrat bus from the deep tonos of an organ. 

The heavens afford the most sublime subject of study 
which can be derived frbitn science. The magmjtude 
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each bodj is Itself the center of an attractive force ex- 
tending indefinitely in space, causing all the mutaal dis- 
turbances which render the celestial motionB so compli- 
cated, and their investigation so difficult. 

The gravitation of matter directed to a center, and 
attracting directly as the mass, and inversely as the 
square of the distance, does not belong to it wnen con- 
sidered in mass only ; particle acts on particle according 
to the same law when at sensible distances from each 
other. If the sun acted on the center of the earth, with- 
out attracting each of its particles, the tides would be 
very much greater than they now are, and would also, 
in other respects, be very different. The gravitation of 
the earth to the sun results from the gravitation of all its 
particles, which, in their turn, attract the sun in the ra- 
tio of their respective masses. There is a reciprocal 
action, likewise, between the earth and every particle 
at its surface. The earth and a feather mutually attract 
each other in the proportion of the mass of the earth to 
the mass of the feather. Were this not the case, and 
were any portion of the earth, however small, to attract 
another portion, and not be itself attracted, the center of 
gravity of the earth would be moved in space by this 
action, which is impossible. 

The forms of the planets result from the reciprocal 
attraction of their component particles. A detached fluid 
mass, if at rest, would assume the form of a sphere, 
from the reciprocal attraction of its particles. But if the 
mass revolve about an axis, it becomes flattened at the 
poles, and bulges' at the equator (N. 11), in consequence 
of the centrifugal force arising from the velocity of rota- 
tion (N. 30); for the centrifugal force diminishes the 
gravity of tne particles at the equator, and equilibrium 
can only exist where these two forces are balanced by 
an increase of gravity. Therefore, as the attractive force 
is the same on all particles at equal distances from the 
center of a sphere, the equatorial particles would recede 
from the center, till their increase in number balance 
the centrifugal force by their attraction. Consequently, 
the sphere would become an oblate, or flattened sphe- 
roid ; and a fluid partially or entirely covering a solid, as 
the ocean and atmosphere cover the earth, must assume 
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that form in order to remain in equilibno. The surfiice 
of the sea is therefore spheroidal, and the sur&oe of the 
earth only deviates from that figare where it rises above 
or sinks below the level of the sea. But the deviation is 
so small, that it is animportant when compared with the 
magnitude of the earth ; for the mi^ty chain of the 
Andes, and the yet more lofty Himalaya, bear about the 
same proportion to the earth that a grain of sand does to 
a globe three feet in diameter. Such is the form of the 
earth and planets. The compression (N. 31) or flatten- 
ing at their poles is, however, so small, that even Jupiter, 
whose rotation is the most rapid, and therefore die most 
elliptical of the planets, may, from his great distance, be 
re^urded as spherical. AUhough the planets attract 
each other as k they were spheres, on account of their 
distances, yet the satellites (N. 32) are near enough to 
be sensibly affected in their motions by the forms of 
their primaries. The moon, for example, is so near 
the earth, that the reciprocal attraction between each of 
her particles, and each of the particles in the prominent 
n^ass^ at the terrestrial equator, occasions considerable 
(&turbances in the motions of both bodies; for the ac- 
tion of the moon on the matter at the earth's equator, 
produces a nutation (N. 33) in the axis (N. 34) of rotation, 
and the reaction of that matter on the moon is the cause 
of a corresponding nutation in the lunar orbit (N. 35). 

If a sphere at rest in space receive an impulse passing 
through its center of gravity, all its parts will move with 
an equal velocity in a straight line ; but if the impulse 
does not pass though the center of gravity, its particles, 
having unequal velocities, will have a rotatory or revolv- 
ing motion, at the same time that it is translated (N. 36) 
in space. These motions are independent of one an- 
other ; so that a contrary impulse, passing through its 
center of gravity, will impede its progress, without in- 
terfering with its rotation. As the sun rotates about an 
axis, it seems probable, if an impulse in a contrary direc- 
tion has not been given to his center of gravity, that he 
moves in space, accompanied by all those bodies whidi 
compose the solar system — a circumstance which would 
in no way interfere with their relative motions ; for, in 
consequence of the principle, that force is proportional 
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to Telocity (N. 37), the reciprocal attractions of a system 
remain the same, whether its center of gravity be at 
rest, or moving uniformly in space. It is computed that, 
had the earth received its motion from a single impulse, 
that impube must have passed through a point about 
twenty-five miles from its center. 

Since the motions of rotation and translation of the 
planets are independent of each other, though probably 
eommunicated by the same impulse, diey form separate 
•ubjects of investigation. 
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A PLANET moves in its elliptical orbit with a velocity 
varying every instant, in consequence of two forces, one 
tending to the center of the sun, and the other in the 
direction of a tangent (N. 38) to its orbit, arisine from 
the primitive impulse, given at the time when it was 
launched into space. Should the force in the tangent 
cease, the planet would fall to the sun by its gravity. 
Were the sun not to attract it, the planet would fly off 
in the tangent. Thus, when the planet is at the point 
of its orbit farthest from the sun, his action overcomes 
the planet*8 velocity, and brings it toward him with 
such an accelerated motion, that at last it overcomes the 
sun's attraction ; and shooting past him, gradually de- 
creases in velocity, until it arrives at the most distant 
point, where the sun's attraction again prevails (N. 39). 
In this motion the radii vectores (N. 40), or imaginary 
lines joining the centers of the sun and tne planets, pass 
over equal areas or spaces in equal times (N. 41). 

The mean distance of a planet from the sun is equal 
to half the major axis (N. 42) of its orbit : if,, therefore, 
Ih* planet described a circle (N. 43) roimd Uie sun at 
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its mean distance, the motion would be unlftsroi, and 
tl&e periodic time unaltered, because the planet would 
arrive at the extremities of the major axis at the same 
instant, and would have the same velocity, whether it 
moved in the circular or elliptical orbit, since the curves 
coincide in these points. But, in every other part, thje 
elliptical or true motion (N. 44) would either be faster 
or slower than the circular or mean motion (N. 45). As 
it is necessary to have some fixed point in the heavens 
from whence to estimate these motions, the vernal oqui- 
BOX (N. 46) at a given epoch has been chosen. The 
equinoctial, which is a great circle traced in the starry 
heavens by the ima^ary extension of the plane of the 
terrestrial equator, is intersected by the ecliptic, or .ap- 
parent piith of the Sim, in two points diametrically oppo- 
site to one another, called the vernal and autumnal 
eqmnoxes. The vernal equinox is the point through 
which the sun passes, in going from the southern to the 
northern hemisphere ; and the autunmal, that in which 
he crosses from the northern to the southern. The 
mean or circular motion of a body, estimated from the 
vernal equinox, is its mean longitude ; and its elliptical, 
or true motion, reckoned from tiiat point, is its true lon- 
gitude (N. 47) : both being estimated from west to east, 
the direction in which the bodies move. The difference 
between the two is called the equatioo of the center 

iN. 48); which consequentiy vanishes at the apsides 
N. 49), or exti'emities of the major axis, and is at its 
maximum ninety degrees (N. 50) distant from these 
points, or in quadratures (N. 51), where it measures 
the eccentricity (N. 52) of the orbit ; so that the place 
of a planet in its elliptical orbit is obtained, by adding or 
subtracting l^e equation of the center to or from its 
npiean longitude. 

The orbits of the planets have a veiy small obliouitx 
or inclination (N. 53) to the plane of the ecliptic in wnich 
the earth moves ; and on that account, astronomers refer 
their ifiotions to this plane at a given epoch as a known 
and fixed position. The angular distance of a planet 
from the plane of the ecliptic is its latitude (N. 54) ; 
iffaich is south or north, according as the planet is south 
vff north of that plane. When the planet is in the plane 
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of the ecBptac, its latitude is zero : it is then said to be 
in its nodes (N. 55). The ascending node b that point 
in the ecliptic, through whi<ih the planet passes, in going 
from the souUiem to the northern hemisphere. The 
descending node is a corresponding point in the plane of 
the ecliptic diametrically opposite to the other, through 
which Uie planet descends in going from the northern 
to the southern hemisphere. The longitude and lati- 
tude of a planet cannot be obtained by direct observa- 
tion, but are deduced from observations made at the 
surface of the earth, by a very simple computation. 
These two quantities, however, will not give the place 
of a planet in space. Its distance from the sun (N. 56) 
must also be known; and, for the conq)lete determina- 
tion of its elliptical motion, the nature iad position of its 
orbit must be ascertfuned by observation. This depends 
upon seven quantities, called the elements of the orbit 
(N. 57). These are, the length of the major axis, and 
the eccentricity, which determine the form of the orbit : 
the longitude of the planet when at its least distance 
from the sun, called the longitude of the perihelion ; the 
inclination of the orbit to the plane of the ecliptic, and 
the lon^tude of its ascending node ; these give the po- 
sition of the orbit in space ; but the periodic time, and 
the longitude of the planet at a given instant, called the 
longitude of the epoch, are necessary fbr finding the 
place of the body in its orbit at all times. A perfect 
knowledge of these seven elements is requisite, for as- 
certaining all the circumstances of undisturbed elliptical 
motion. By such means it is found, that the patiis ot 
the planets, when their mutual disturbances are omitted, 
are ellipses nearly approaching to circles, whose planes, 
slightiy incUned to the ecliptic, cut it in straight lines, 
passing through the center of the sun (N. 58). The 
orbits of the recentiy discovered planets deviate more 
from tiie ecliptic than those of the ancient planets ; that 
of Pallas, for instance, has an inclination of 34^ 37' 50*2'' 
to it ; on which account it is more difficult to determine 
their motions. 

Were the planets attracted by the sun only, they 
would always move in ellipses, invariable in form and 
positioM : anr] hecntise his action is proportional to his 
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mass, which is much larger than that of ail the planets 
put together, the elliptical is the nearest approxiiAation 
to their true motions. The true motions of the planets 
are extremely complicated, in consequence of their 
mutual attraction; so that they do not move in any 
known or symmetrical curve, but in paths now ap- 
proaching to, now receding from, the elliptical form ; 
and their radii vectores do not describe areas or spaces 
exactly proportional to the time, so that the areas be- 
come a test of disturbing forces. 

To determine the motion of each body, when dis- 
turbed fay all the rest, is beyond the power of analysis; 
It is therefore necessary to estimate the disturbing ac- 
tion of one planet at a time, whence the celebrated 
problem of the three bodies, originally applied to the 
moon, the earth, and the sun; namely, the masses 
being given of three bodies projected from three given 
points, with velocities given both in quantity and direc- 
tion ; and, supposing the bodies to gravitate to one an- 
other with forces that are directly as their masses, and 
inversely as the squares of the distances, to find the 
lines described by these bodies, and their positions at 
any given instant : or, in other words, to determine the 
path of a celestial body when attracted by a second body, 
and disturbed in its motion round the second body by a 
third — a problem equally applicable to planets, satellites, 
and comets. 

By this problem the motions of translation of the 
celestial bodies are determined. It is an extreme^ 
difficult one, and would be infinitely more so, if the dis- 
turbing action were not very smaH when compared with 
the central force ; that is, if the action of the planets on 
one another were not very small when compared with 
that of the sun. As the disturbing influence of each 
body may be found separately, it is assumed that the 
action of the whole system, in disturbing any one planet, 
is equal to the sum of all the particular disturbances it 
experiences, on the general mechanical principle, that 
the sum of any number of small oscillsitions is nearly 
equal to their simultaneous and joint effectt 

On account of the reciprocal action of matter, the 
•tability of the system depends upon the intensity of the 
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prinutiTe momeotam (N. 59) of th/^ pka^U, and dM 
ratio of their masses to that of the son ; for the natar^ 
of the conic sectaons in which the celestial bodies move« 
depends upon the velocity with which they were An^ 
propelled in space. Had that velocity been each as to 
make the planets move in orbits ai unstable equilibrimp 
(N. 60), tueir mutual attractions might hare changed 
them into parabolas, or even hyperbolas (N. 22); ac 
that the earth and planets might, ages ago, have beea 
sweeping far from our sun throu^ the abyss of space. 
But as me orbits differ very little from cirdea, the mo- 
mentum of the planet, when projected, must have been 
exactly sufficient to insure the permanency and stabifity 
of the system. Besides, the mass of the sun is vaalljr 
ipreater dian that of any planet ; and as thefar ine^ali" 
^es bear the same ratio to their elliptical motions, tfaMt 
their masses do to that of the sun, their mutual disturb- 
ances only increase or diminish the eccentricities of their 
orbits, by very minute quantities ; oonsequentiy the mag- 
nitude of tiie sun's mass is the principal cauae of the 
stability of the system. There is not in the physical 
world a more splendid example of the adaptation of 
means to the accomplishment of an end, than is ezhib* 
ited in the nice adjustment of these forces, at once the 
cfi^90 of the variety and of the order of Nature. 


Section III. 


BtytorbnUoiiB, P^riodio aod CtTculai^-Distarbiiig Action MurndMit !• 
ibrne Partial Foroea— Tangential Force the CaoM of the Periodie he 
qualitiea in iKmgitude, and Secalar Inequalities in the Form and Position 
of the Orbit in itf own Plane— Radial Force the Canse of Variations in 
the Planet's Distance fiom the Son— It combinee with the Tangential 
Force to prod ace the Secular Variations in the Form and Position of tiie 
Orbit in its own Plane— Perpendicular Force the Cause of Periodic Per 
turbations in Latitude, and Secalar Variations in the Position of tha 
Orbit with rerard to the Plane of the Ecliptic— Mean Motion and Major 
Axis Inrariable— Stability of System- Effects of a Resisting Mediam— 
Invariable Plane of the Solar System and of the Uniyerae— Great Ine- 
quality of Jupiter and Saturn. 

The planets are subject to disturbances of two kinds, 
both resulting from the constant operation of their recip- 
rocal attraction: one kind, depending upon their pen- 
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tioBfl wilii reffitd to each other, begins fn>m ssero, i£^ 
creases to a maximam, decreases, and becomes zero 
again, when the planets return to the same relativd 
positions. In consequence of these, the disturbed planet 
IS sometimes drawn away from the sun, sometimei 
brought nearer to him : sometimes it is accelerated in 
its- motion, and sometimes retarded. At one time it is 
drawn above the plane of its orbit, at another time below 
it, according to the position of the disturbing body. All 
such changes, being accomplished in short periods, some 
in a few months, others in years, or in hundreds of 
years, are denominated periodic inequalities. The in- 
equalities of the other kind, though occasioned likewise 
by the disturbing energy of the planets, are entirely in^ 
dependent of tibeir relative positions. They depend 
upon the relative positions of the orbits alone, whosti 
forms and places in space are altered by very minute 
quantities, in immense periods of time, and are, there- 
rore, called secular inequalities. 

The periodical perturbations are compensated, when 
the bodies return to the same relative positions with 
regard to one another and to the sun : the secular ine- 
qualities are compensated, T^^en the orbits return to 
the same positions relatively to one another, and to thcl 
[dane of the ecliptic. 

Planetaiy motion, ineludin? both these kinds of dis- 
turbance, may be represented by a body revolving in an 
ellipse, and making small and transient deviations, noW 
on one side of its path, and now on the other, while thd 
elHpse itself is slowly, but perpetually, changing both in 
form and position. 

The periodic inequafities are merely transient devi- 
ations of a planet from its path, the most remarkable of 
irhich only lasts about 918 years; but, in consequences 
)f the secular disturbances, the apsides, or extremities 
tf the major axes of all the orbits, h&ve a direct but 
variable motion in space, excepting those of the orbit of 
^enus, which are retrograde (N. 61), and the lines of 
^e nodes move with a variable velocity in a contrary 
direction. Besides these, the inclination and eccen- 
tricity of every orbit are in a state of perpetual but slow 
change. Th«Mi effeets result from the disturbing action 
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of an the planets on each. But as it is only neoeasary 

to estimate the disturbiog influence of one body at a 
time, what follows may convey some idea of the manner 
in which one planet disturbs the elliptical motion of 
another. 

Suppose two planets moving in ellipses round the aun ; 
if one of them attracted the other and the sun with 
equal intensity, and in parallel directions (N. 62), it 
would have no effect in disturbing the elliptical motion. 
The inequality of this attraction is the sole cause of 
perturbation, and the difference between the disturbing 
planet's action on the sun and on the disturbed planet 
constitutes the disturbing force, which consequently 
varies in intensiQr and direction with every change in 
the relative positions of the three bodies. Altlu>ngh 
both the sun and planet are under the influence of the 
disturbing force, the motion of the disturbed, planet is 
referred to the center of tiie sun as a fixed point, for 
convenience. The whole force (N. 63) which disturbs 
a planet is equivalent to three partial forces. One of 
these acts on the disturbed planet, in the direction of a 
tangent to its orbit, and is ccdied the tangential force : it 
occasions secular inequalities in the form and position of 
the orbit in its own plane, and is the sole cause of the 
periodical perturbations in the planet's longitude. An- 
other acts upon the same body in the direction of its 
radius vector, that is, in the line joining the centers of 
the sun and planet, and is called the radial force : it 
produces periodical changes in the distance of the planet 
from the sun, and affects the form and position of the 
orbit in its own plane. The third, which may be called 
the perpendicular force, acts at right angles to the plane 
of tlie orbit, occasions the periodic inequalities in the 
planet's latitude, and affects the position of the orbit 
with regard to the plane of the ecliptic. 

It has been observed, that the radius vector of a 
planet moving in a perfectly elliptical orbit, passes over 
equal spaces or areas in equal times; a circumstance 
which is independent of the law of the force, and would 
be the same whether it varied inversely as the square 
of the distance, or not, provided only that it be directed 
to the center of the sun. Hence the tangential force. 
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not being directed to the center, occasions an unequable 
description of areas, or, what is the same thing, it dis- 
turbs the motion of the planet in longitude. The tan- 
gential force sometimes accelerates the planet's motion, 
sometimes retards it, ai^d occasionally has no effect at all. 
Were the orbits of both planets circular, a complete 
compensation would take place at each revolution of the 
two planets, because the arcs in which the accelerations 
and retardations take place, would be symmetrical on 
each side of the disturbing force. For it is clear, that 
if the motion be accelerated through a certain space, and 
then retarded through as much, iSie motion at the end 
of the time will be the same as if no change had taken 
place. But, as tiie orbits of the planets are ellipses, this 
symmetry does not hold ; for, as the planet moves un- 
equably in its orbit, it is in some positions more dbrectly, 
and for a longer time, under the influence of the dis- 
turbing force than in others. And although multitudes 
of variations do compensate each other in short periods, 
there are others, depending on peculiar relations among 
the periodic times of* the planets, which do not compen- 
sate each other till after one, or even till after many 
revolutions of both bodies. A periodical inequality of 
this kind in the motions of Jupiter and Saturn, has a 
period of no less than 918 years* 

The radial force, or that part of the disturbing force 
which acts in the direction of the line joining the centers 
of the sun and disturbed planet, has no effect on the 
areas, but is the cause of periodical changes of small 
extent in the distance of the planet from the sun. It 
has already been shown, that the force producing per- 
fectly elliptical motion varies inversely as the square of 
the distance, and that a force following any otxier law 
would cause the body to move in a curve of a very dif- 
ferent kind. Now, the radial disturbing force varies 
directly as the distance ; and, as it sometimes combines 
with and increases the intensity of the sun's attraction 
for the disturbed body, and at other times opposes and 
consequently diminishes it, in both cases it causes the 
sun's attraction to deviate from the exact law of gravity, 
and the whole action of this compound central force on 
the disturbed body is either greater or less than what is 
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iTequisite for perfectly elliptical motioii. When greater*. 
the curvature of the disturbed planet's path on leaving^ 
its perihelion (N. 64), or point nearest the sun, is 
greater than it would be in the ellipse, which brings the 
planet to its aphelion (N. 66), of point farthest from the 
sun, before it has passed througn 180°, as it would do 
if undisturbed. So that in this case the aphides, or ex- 
tremities of the major axis, advance in space. When 
the central force is less than the law of gravity requires, 
the curvature of the planet^s path is less than the cur- 
vature of the ellipse. So that the planet, on leaving its 
perihelion, woula pass through more than 180° before 
arriring at its aphelion, which causes the apsides to re- 
cede in space (N. 66). Cases bodi of advance and re- 
cess occur during a revolution of the two planets ; but 
those in which the apsides advance, preponderate. 
This, however, is not the full amount of the motion of 
the apsides ; part arises also from the tangential force 
(N. 63), which alternately accelerates and retards the 
velocity of the disturbed planet. An increase in the 
planet's tangential velocity diminishes the curvature of 
its orbit, and is equivalent to a decrease of central force. 
On the contrary, a decrease of the tangential velocity, 
which increases the curvature of the orbit, is equivalent 
to an increase of central force. These fluctuations, 
owing to the tangential force, occasion an alternate re- 
cess and advance of the apsides, after the manner 
already explained (N. 66). An uncompensated portion 
of the direct motion arising from this cause, conspires 
with that already impressed by the radial force, and in 
some cases even nearly doubles the direct motion of 
these points. The motion of the apsides may be repre- 
sented, by supposing a planet to move in an ellipse, 
while the ellipse itself is slowly revolving about the sun 
in the same plane (N. 67). This motion of the major 
axis, which is direct in all the orbits except that of the 
planet Venus, is irregular, and so slow, that it requires 
more than 109,830 years for the major axis of the 
earth's orbit to accomplish a sidereal revolution (N. 68), 
that is, to return to the same stars ; and '20,984 years 
to complete its tropical revolution (N. 69), or to return 
to the same equinox. The difference between these' 
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two periods arises from a retrograde motion in the 
equinoctial point, which meets the advancing axis be- 
fore it has completed its revolution with regard to the 
stars. The major axis of Jupiter's orbit requires no 
less than 200,610 years to perform its sidereal revolution, 
and 22,748 years to accomplish its tropical revolution 
from the disturbing action of Saturn alone. 
' A variation in the eccentricity of the disturbed planet's 
orbit, is an immediate consequence of the deviation from 
elliptical curvature, caused by the action of the dis- 
turbing force. When the path of the body, in pro- 
ceeding from its perihelion to its aphelion, is more curved 
than it ought to be from the effect of the disturbing forces, 
it fails within the elliptical orbit, the eccentricity is di- 
minished, and the orbit 'becomes more nearly circular; 
when that curvature is less than it ought to be, the path 
of the planet falls without its elliptidal orbit (N. 66), and 
the eccentricity is increased : during these changes, the 
length of the major axis is not altered, the orbit only 
bulges out, or becomes more flat (N. 70). Thus the 
variation in the eccentricity arises from the same cause 
that occasions the motion of the apsides (N. 67). There 
is an inseparable connection between these two ele- 
ments ; they vary simultaneously, and have the same 
period ; so that while the major axis revolves in an im- 
mense period of time, the eccentricity increases and 
decreases by very small quantities, and at length returns 
to its original magnitude at each revolution of the ap^ 
sides. The terrestrial eccentricity is decreasing at the 
rate of about 40 miles annually ; and, if it were to de- 
crease equably, it would be 39,861 ybars before the 
earth's orbit became a circle. The mutual action of 
Jupiter and Saturn occasions variations in the eccentri- 
city of both orbits, the greatest eccentricity of Jupiter^s 
orbit corresponding to the least of Saturn's. The 
period in which these vicissitudes are accomplished is 
70,414 years, estimating the action of these two planetd 
alone : but if the action of all the planets were estimated, 
the cycle would extend to millions of years. 

That part of the disturl»ng force is now to be con- 
sidered which acts perpendicularly to the plane of the 
orbit, causing periodic peiturbntions in latitude, E^ecnlaf 
2 * b2 
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T«riatioi» in tho inclinfttioD of the orbit, and a retrograd* 
motion to its nodes on the true plane of the ecliptic 
(N. 71). This force tends to pull the disturbed bodj 
above, or push (N. 72) it below, the plane of its orbit» 
according to the relative positions of the two planets ivith 
regard to the sun, considered to be fixed. By this 
action, it sometimes makes the plane of the orbit of tha 
disturbed body tend to coincide with the plane of the 
ecliptic, and sometimes increases its inclination to that 
plane. In consequence of which, its nodes alternate^ 
recede or advance on the ecliptic (N. 73). When the 
disturbing planet is in the line of the disturbed planet* a 
nodes (N. 74), it neither affects these points, the kititude, 
nor the inclination, because both planets are then in tha 
same plane. When it is at right angles to the line of 
the nodes, and the orbit symmetrical on each side of tha 
disturbing force, the average motion of these points, 
after a revolution of the disturbed body, is retrograde, 
and comparatively rapid ; but when the disturbing planet 
is so situated that the orbit of the disturbed planet is not 
symmetrical on each side of the disturbing force, which 
is most frequently the case, every possible variety of 
action takes place. Consequently, the nodes are per- 
petually advancing or receding with unequal velocity ; 
but, as a compensation is not effected, their motion is, 
on the whole, retrograde. 

With regard to die variations in the inclination, it is 
clear, that, when the orbit is symmetrical on each ude 
of the disturbing force, all its variations are compensated 
after a revolution of the disturbed body, and are merely 
periodical perturbations in the planet's latitude ; and no 
secular change is induced in the inclination of the orbit. 
When, on the contrary, that orbit b not symmetrical on 
each side of the disturbing force, although many of the 
variations in latitude are transient or periodical, still, 
after a complete revolution of the disturbed body, a 
portion remains uncompensated, which forma a secular 
change in the inclination of the orbit to the plane of tha 
ecliptic. It is true, part of this secular chance in the 
inclination is compensated by the revolution of the dis- 
turbing body, whose motion has not hitherto been taken 
into the account, so that perturbation companaatas par- 
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tarbtttion ; but still, a comparativelj permanent change 
is effected in the inclination, which is not compensated 
till the nodes have accomplished a complete revolution. 

The changes in the inclination are extremely minute 
(N. 75), compared with the motion of the nodes, and 
there is the same kind of inseparable connection between 
^eir seculai* changes that there is between the variation 
of the eccentricity and the motion of the major axis. 
The nodes and inclinations vary simultaneously, their 
periods are the same, and very great. The nodes of 
Jupiter's orbit, from the action of Saturn alone, require 
36,261 years to accomplish even a tropical revolution. 
In what precedes, the influence of only one disturbing 
body has been considered ; but when the action and re- 
action of the whole system is taken into account, every 
planet is acted upon, and does itself act, in this manner, 
on all the others ; and the joint effect keeps the incli- 
nations and eccentricities in a state of perpetual variation. 
It makes the major axis of all the orbits continually re- 
volve, and causes, on an average, a retrograde motion of 
the nodes of each orbit upon every other. The ecliptic 
(N. 71) itself is in motion from the mutual action of the 
earth and planets, so that the whole is a compound phe- 
nomenon of great complexity, extending through un- 
known ages. At the present time the inclinations of all 
the orbits are decreasing, but so slowly, that the incli- 
nation of Jupiter's orbit is only about six minutes less 
than it was in the age of Ptolemy. 

But, in the midst of all these vicissitudes, the length 
of the major axis and the mean motions of the planets 
remain permanently independent of secular changes. 
They are so connected by Kepler's law, of the squares 
of the periodic times being proportional to the cubes of 
the mean distances of the planets from the sun, that one 
cannot vary without affecting the other. And it is 
proved, that any variations which do take place are 
transient, and depend only on the relative positions of 
the bodies. 

It is true that, according to theory, the radial disturb- 
ing force should permanently alter the dimensions of all 
the orbits, and the periodic times of all the planets, to a 
oertain degree. For example, the masses of all the 
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planets revolviog within the orbit of any one, such 
Murs, by adding to the interior mass, increase the at 
tractiug force of the sun, which, therefore, must coo- 
tract the dimensions of the orbit of that planet, and di- 
minish its periodic time ; while the planets exterior to 
Mars' orbit must have the contrary effect. But the 
mass of the whole of the planets and satellites taken to- 
gether is so small, when compared with that of the sun, 
that these effects are quite insensible, and could only 
have been discovered by theoiy. And, as it is certain 
that the length of the mujor axes and the mean motions 
are not permanently changed by any other power what- 
ever, it may be concluded that they are invariable. 

With the exception of these two elements, it appears 
that all the bodies are in motion, and every orbit in a 
state of perpetual change. Minute as these changes 
are, they might be supposed to accumulate in the course 
of ages, sufficiently to derange the whole oixier of na- 
ture, to alter the relative positions of the planets, to put 
an end to the vicissitudes of the seasons, and to bnng 
about collisions which would involve our whole system, 
now so harmonious, in chaotic confusion. It is natural 
to inquire, what proof exists that nature will be pre- 
served from such a catastrophe ? Nothing can be known 
from observation, since the existence of t£e human race 
has occupied comparatively but a point in duration^ 
while these vicissitudes embrace myriads of ages. The 
proof is simple and conclusive. All the variations of 
the solar system, secular as well as periodic, are ex- 
pressed analytically by the sines and cosines of circular 
arcs (N. 76), which increase with the time ; and, as a 
sine or cosine can never exceed the radius, but must 
oscillate between zero and unity, however much the 
time may increase, it follows that, when the variations 
have accumulated to a maximum, by slow changes, in 
however long a time, they decrease, by the same slow 
degrees, till they arrive at their smallest value, again to 
begin a new course ; tlius forever oscillating about a 
mean value. This circumstance, however, would be 
insufficient, were it not for the small eccentricities of 
the planetary orbits, their minute inclinations to the 
plane of the ecliptic, and the revolutions of all the bodies. 
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as welt planets as satellites, in '^tfae same direction. 
These secure the perpetual stability of the solar system 
(N. 77). The equilibrium, however, would be de- 
ranged, if the planets moved in a resisting medium 
(N. 78) sufficiently dense' to diminish their tangential 
velocity, for then both the eccentricities and the major 
axes of the orbits would vary with the time, so that tiie 
stability of the system would be ultimately destroyed. 
The existence of an ethereal fluid is now proved ; and 
although it is so extremely rare that hitherto its effects 
on the motions of the planets have been altogether in- 
sensible, there can be no doubt that, in the immensity 
of time, it will modify the forms of the planetary orbits, 
and may at last even cause the destruction of our sys- 
tem, which in itself contains no principle of decay, unless 
a rotatory motion from west to east has been given to this 
fluid by the bodies of the solar system, which have ail 
been revolving about the sun in that direction for un* 
known ages. This rotation, which seems to be highly 
probable, may even have been coeval with its creation. 
Such a vortex would have no effect on bodies moving 
with it, but it would influence the motions of those re- 
volving in a contrary direction. It is possible that the 
disturbances experienced by comets which have already 
revealed the existence of this fluids may also, in time, 
disclose its rotatory motion. 

The form and position of the planetary orbits, and the 
motion of the bodies in the same direction, together with 
the periodicity of the terms in which the inequalities 
are expressed, assure us that the variations of the sys- 
tem are confined within very narrow limits, and that, 
although we do not know the extent of the limits, nor 
the period of that grand cycle which probably embraces 
millions of years, yet they never will exceed what is 
requisite for the stability and harmony of the whole, for 
the preservation of which every circumstance is so beau- 
tifully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed to be 
fixed at a given epoch for the convenience of astronomi- 
cal computation, is subject to a minute secular variation 
of 45""7, occasioned by the reciprocal action of the plan- 
ets. But, as this is also periodical, and cannot exceed 
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2^ 42', the terrestrial equator, which is inclined to it at 
an angle of 23° 27' 34"*69, will never coincide with the 
plane of the ecliptic : so there never can be perpetual 
spring (N. 79). The rotation of the earth is uniform ; 
therefore day and night, summer and winter, will con- 
tinue their vicissitudes while the system endures, or as 
undisturbed by foreign causes. 

** Yonder starry sphere 
Of planets and of iix'd, in all her wheels 
Resembles nearest mazes intricate. 
Eccentric, intervolved, yet resnlar, 
Then most, when most irregular they seem.** 

The stability of our system was established by La 
Orange : *^ a discovery," says Professor Playfair, *' that 
must render the name forever memorable in science, 
and revered by those who delight in the contemplation 
of whatever is excellent and sublime." After Newton*s 
discovery of the mechanical laws of the elliptical orbits 
of the planets. La Grangers discovery of their periodical 
inequaUties is, without doubt, the noblest truth in physic 
cal astronomy ; and in respect of the doctrine of final 
causes, it may be re^rded as the greatest of all. 

Notwithstanding the permanency of our system, the 
secular variations in the planetary orbits would have 
been extremely embarrassing to astronomers when it 
became necessary to compare observations separated by 
long periods. The difficulty was in part obviated, and 
the principle for accomplishing it established, by La 
Place, and has since been extended by M. Poinsot. It 
appears that there exists an invariable plane (N. 80), 
passing through the center of gravity of the system, 
about which the whole osciUates within very narrow 
limits, and that this plane will always remain parallel to 
Itself, whatever changes time may induce in the orbits 
of the planets, in the plane of the elliptic, or even in 
the law of gravitation; provided only that our system 
remains unconnected with any other. The position of 
the plane is determined by this property — that, if each 
particle in the system be multiplied by the ai*ea de- 
scribed upon this plan in a given time, by the projection 
of its radius vector about the common center of gravity 
of the whole, the sum of all these products will be a 
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maximam (N. 81). La Place found that the plane in 
question is inclined to the ecliptic at an angle of nearly 
1° 34' 15", and that, in passing through the sun. and 
about midway between the orbits of Jupiter and Saturn, 
it may be regarded as the equator of the solar system, 
dividing it into two parts, which balance one another in 
all their motions. This plane of greatest inertia, by no 
means peculiar to the solar system, but existing in every 
aystem of bodies submitted to their mutual attractions 
only, always maintains a fixed position, whence the 
Mcillations of the system may be estimated through 
imllmited time. Future astronomers will know, from 
ka immutabiUty or variation, whether the sun and hit 
attendants are connected or not with the other systems 
of the universe. Should there be no hnk between them, 
it may be inferred, from the rotation of the sun, that 
the center of gravity (N. 82) of the system situate within 
bis mass describes a straight line in this invariable plane 
or great equator of the solar system, which, unaffected 
by the changes of time, will maintain its stability through 
endless ages. But, if the fixed stars, comets, or any 
unknown and unseen bodies, affect our sun and planets, 
the nodes of this plane will slowly recede on the plane 
of that immense orbit which the sun may describe about 
some most distant center, in a period which it transcends 
the powers of man to determine. There is every rea^ 
son to believe that this is the case ; for it is more than 
probable that, remote as the fixed stars are, they in 
some degree influence our system, and that even the 
invariability of this plane is relative, only appearing fixed 
to creatures incapable of estimating its minute and slow 
changes during the small extent of time and space grant- 
ed to the human race. **The development of such 
changes," as M. Poinsot justly observes, ** is similar to 
an enwmous curve, of which we see so small an arc, 
that we imagine it to be a straight line.** If we raise 
our views to the whole extent of the universe, and con- 
sider the stars, together with the sun, to be wandering 
bodies, revolving i^ut the common center of creation, 
we may then recognize in the equatorial pkme passing 
through the center of gravity of the universe the oal|y 
instance of absolute and eternal repose. 
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AU the periodic and seonkur inequalities deduced frosft 
the law of gravitation are so perfectly confirmed by 
obeei-vatioD, that analysis has become one of the most 
certain means of discovering the plaietary irregularities, 
either when they are too small, or too long in their 
periods, to be ^letected by other methods. Jupiter and 
Saturn, however, exhibit inequalities which for a lon^ 
time seemed discordant with that law. All observatioDSt 
frotn those of the Chinese and Arabs down to the pres* 
ent day, proye that for ages the mean motions of Jupiter 
and Saturn have been ati'ected by a great inequality ef 
a very long period, forming an apparent anomaly in tfaie 
theoKy of the planets. It was long known by observa- 
tion that five times the mean motion of Saturn is nearly 
equal to twice that of Jupiter : a relation which the 
sagacity of La Place perceived to be the cause of a 
periodic UTegularity in the mean motion of eadi of these 
planets, which completes its period in nearly 918 years, 
the one being retarded while the other is accelerated ; 
but both the magnitude and period of these quantities 
vary in consequence of the secular variations in the 
elements of the orbits. Suppose the two planets to be 
on the same side of the sun, and all three in the same 
straight line, they are then said to be in conjunctioD 
(N. 83). Now, if they begin to move at the 'same time, 
one maiuDg exactly five revolutions in its orbit, while the 
other only accomplishes two. it is clear that Saturn, the 
slow-moving body, will only have got through a part of 
its orbit during the time that Jupiter has made one 
whole revolution and part of another, before they be 
again in conjunction. It is found that during this time 
their mutual action is such as to produce a great many 
pertui'bations which compensate each other, but that 
there still remains a portion outstanding, owing to the 
length of time during which the forces act in the same 
manner ; and if the conjunction always happened in the 
same point of the orbit, this uncompensated inequality 
in the mean motion would go on increasing till the peri* 
odic tinies and forms of the orbits were completely and 
permanently changed : a -case that would actually take 
place if Jupiter accomplished exactly five revolutions in 
the time- Saturn performed two. These revohitions 
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are, however, not exactly commensurable ; the points in 
which the conjunctions take place are in advance each 
time as much as 8° '37 ; so that the conjunctions do not 
happen exactly in the. same points of the orbits till after 
a period of 850 yeai's ; and, in consequence of this small 
advance, the planets are brought into such relative posi- 
tions that the inequality which seemed to threaten the 
stability of the system is completely compensated, and 
the bodies, having returned to the same relative positions 
with regard to one another and the sun, begin a new 
course. The secular variations in the elements of the 
orbit increase the period of the inequality to 918 years 
(N. 84). As any perturbation which affects the mean 
motion affects also the major axis, the disturbing forces 
tend to diminish the major axis of Jupiter's orbit and 
increase that of Saturn's during one half of the period, 
and the contrary during the other half. This inequality 
is strictly periodical, since it depends upon the configurai- 
tion (N. 85) of the two planets ; and theory is confirmed 
by observation, which shows that, in the course of twenty 
centuries, Jupiter's mean motion has been accelerated 
by about 3*^ 23', and Saturn's retarded by 6° 13'. Sev- 
eral instances of perturbations of this kind occur in the 
golar system. One, in the mean motions of the Earth 
and Venus, only amounting t6 a few seconds, has been 
recently worked out with immense labor by Professor 
Airy. It accomplishes its changes in 240 years, and 
arises from the circumstance of thirteen times Ae peri- 
odic time of Verras being nearly equal to eight times 
that of the Earth. 'Small as it is, it is sensible in the 
motions of the Earth. 

It might be imagined that the reciprocal action of such 
planets as have satellites would be different from the 
influence of those that have none. But the distances of 
the satellites from their primaries are incomparably less 
than the distances of the planets frt)m the sun, and from 
one another; so that the system of a planet and its 
satellites moves nearly as if all thiese bodies were united 
in their common center of gravity. The action of the 
Sun, however, in some degree disturbs the motion of the 
satellites about tlieir primary. 

a 
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SXCTIOR IV. 

rheorj of Jopitor*! SatoHita*— Effeett of the Firiii« of JapHer xmm hia 
Satellites — ^Pbeition of their Orbite— Sinmlar Lftwe MBOBf the Mations 
of the first three Satellitee— Eclipees of the Setellitee— Velocity of Idght 
-— Aberretion — Ethereal Medium — Satellites of Satora and Uranoii. 

The changes which take place in the planetaxy ays- 
tern are exhibited on a smaller scale by Jupiter and his 
satellites ; and, as the period requisite for the deyelop- 
ment of the inequalities of these moons only extends to 
a few centuries, it may be regarded as an epitome of 
that grand cycle which will not be accomplished by the 
planets in myriads of ages. The revolutions of the 
satellites about Jupiter are precisely similar to those of 
the planets about the sun : it is true they are disturbed 
by the sun, but his distance is so gi'eat, that their 
motions are nearly the same as if thev were not under 
his influence. The satellites, like the planets, were 
probably projected in elliptical orbits : but, as the masses 
of the satellites are nearly 100,000 times less than that 
of Jupiter; and as the compression of Jupiter*s sphe- 
roid is so great, in consequence of his rapid rotation, 
that his equatorial diameter exceeds his polar diameter 
by no less than 6000 miles; the immense quantity of 
prominent matter at his equator must soon have given 
the circular form observed in the orbits of the first and 
second satellites, which its superior attraction will al- 
ways maintain. The third and fourth satellites, being 
farther removed from its influence, revolve in orbits 
with a very small eccentricity. And although the first 
two sensibly move in circles, their orbits acquire a 
small eUipticity, from the disturbances they experience 
(N. 86). 

It has been stated, that the attraction of a sphere on 
an exterior body is the same as if its mass were united 
in one particle in its center of gravity, and therefore 
inversely as the square of the distance. In a spheroid, 
however, there is an additional force arising from the 
bulging mass at its equator, which, not following the 
exact law of gravity^ acts as a disturbing force. One 
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effect of this distarbing fotce in the spheroid of Jupiter 
18, to occasioB a direct motion in the greater axes of the 
orbits of all his satellites, which is more rapid the 
nearer the satellite is to the planet, and very much 
greater than that part of their motion which arises from 
the disturbing action of the sun. The, same cause 
occasions the orbits of the satellites to remain nearly in 
the plane of Jupiter's equator (N. 87), on account of 
which the satellites are always «een nearly in the same 
line (N. 88) ; and Ihe powerful action of that quantity 
of prominent matter is the reason why the motions of 
the nodes of these smtdl bodies are so much more rapid 
than those of the planet. The nodes of the fourth 
satellite accomplish a tropical revolution in 531 years; 
while those of Jupiter's orbit require no less than 
36,261 years ; — a proof of the reciprocal attraction be- 
tween each particle of Jufnter's equator and of the 
satellites. In fact, if the satellites moved exactly in the 
plane of Jupiter's equator, they would not be pulled 
out of that plane, because his attraction would be equal 
on both sides of it. But, as their orbits have a small 
mclination to the plane of the planet's equator, there 
is a want of symmetry, and the action of the protuberant 
matter tends to make the nodes regress by pulling the 
satellites above or below the planes of their oi*bits ; an 
action which is so great on the interior satellites, that 
the motions of their nodes are nearly the same as if no 
other disturbing force existed. 

The orbits of the satellites do not retain a permanent 
inclination, either to the plane of Jupiter's equator, or 
to that of his orbit, but to certain planes passing between 
the two, and through their intersection. These have a 
greater inclination to his equator the farther the satel^ 
lite is removed, owing to the influence of Jupiter's 
compression ; and they have a slow motion correspond- 
ing to secular variations in the planes of Jupiter's orbit 
and equator. 

The satellites are not only subject to periodic and 
secular inequalities from their mutual attraction, similar 
to those which affect the motions and orbits of the 
planets, but also to others peculiar to themselves. Of 
the periodic inequalities arising £rom diek' mutual at- 
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tnctioD, the most remarkable take place in the angalar 

motions (N. 89) of the three neareat to Japiter, the 
aecond of which receives from the first a perturbation 
umilar to that which it produces in the third ; and it 
experiences from the third a perturbation simikir to that 
which it coram onicates to the first. In the eclipeea 
these two inequalities are combined into one, whose 
period is 437*659 <^7«. The variations peculiar to the 
satellites arise from the secular inequalities occasioned 
by the action of the planets in the form and position of 
Jufnter's orbit, and from the displacement of his equator. 
It is obvious that whatever alters the relative positions 
of the sun, Jupiter, and his satellites, must occasion a 
diange in the directions and intensities of the forces^ 
which vnll affect the motions and orbits of the satellites. 
For this reason the secular variations in the eccen- 
tricity of Jnpiter*s orbit occasion secular inequalities in 
die mean motions of the sateUites, and in the motions 
of the nodes and apsides of their orbits. The dispkice- 
ment of tiie orbit of Jupiter, and the variation in the 
position of his equator, also affect these small bodies 
(N. 90). The plane of Jupiter's equator is inclined to 
the plane of his orbit at an angle of 3° 5' 30", so that 
the action of tiie sun and of the sateUites themselves 
produces a nutation and precession (N. 91) in his equa- 
tor, precisely similar to that which takes place in the 
rotation of the earth, from the action of the sun and 
moon. Hence the protuberant matter at Jupiter's eaua- 
tor is continually changing its position with regard to 
the satellites, and produces corresponding mutations io 
their motions. And, as tiie cause must be proportional 
to the effect, these inequalities afford the means, not 
only of ascertaining the compression of Jupiter's sphe- 
roid, but they prove that his mass is not homogeneous. 
Although the apparent diameters of the sateUites are 
too smaU to be measured, yet their perturbations give 
the vnlues of their masses with considerable accumcy — 
a striking proof of the power of analysis. 

A singular law obtains among the mean motions and 
mean longitudes of the first three sateUites. It appeal's 
from observation that the mean motion of the first 
sateUite, plus twice that of the tiiird, is equal to three 
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times that of the aecond ; and that the mean longitade 
Qf the first satellite, minus three times that of the 
second^ plus twice that of the third, is always equal to 
two right angles. It is proved by theory, iJbat if these 
relations had only been approximate when the satellites 
were first launched into space, their mutual attractions 
would have established ainl maintfuned them, notwith- 
standing the secular inequalities to which they are 
liable. They extend to the synodic motions (N. 92) of 
the satellites ; consequently they affect their eclipses, 
and have a very great influence on their whole theory. 
The satellites move so nearly in the plane of Jupiter*s 
equator, which has a very small inclination to his orbits 
that the first three are eclipsed at each revolution by 
the shadow of the planet, which is much larger than 
the shadow of the moon: the fourth satellite is not 
eclipsed so frequently as the others. The eclipses 
take place close to the disc of Jupiter when he is near 
opposition (N. 93) ; but at times his shadow is so pro- 
jected with regard to the earth, that the third and 
fourth satellites vanish and reappear on- the same side 
of the disc (N. 94). These eclipses are in all respects 
Bimilar to those of the moon: but, occasionally, the 
satellites eclipse Jupiter, sometimes passing like obscure 
spots across his surface, resembling annular eclipses of 
the sun, and sometimes like a bright spot traversing one 
of his dark belts. Before opposition, the shadow of the 
satellite, like a round black spot, precedes its passage 
over the disc of the planet ; and after opposition, the 
shadow follows the satellite. 

In consequence of the relations already mentioned in 
the mean motions and mean longitudes of the first three 
satellites, they never can be all eclipsed at the same 
time. For when the second and third are in one direc- 
tion, the first is in the opposite direction ; consequently^, 
when the first is eclipsed, the other two must be be- 
tween the sun and Jupiter. The instant of the begin- 
ning or end of an eclipse of a satellite marks the same 
instant of absolute time to all the inhabitants of the 
earth; therefore, the time of these eclipses observed 
by a traveler, when compared with the time of the 
eclipse computed. for Greenwich* or any odior fixed 
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ineridflui (N. 95), gives the differenee of the meridiaiM 
in time, and, cooseqaently, the longitade of the place of 
observation. The eclipees of Jupiter's satellites have 
been the means of a discovery which, thongh not so 
immediately applicable to the wants of man, nnfolda 
one of the properties of light — diat medium without 
whose cheering influence ail the beauties of the creation 
would have been to us a blank. It is observed, that 
those eclipses of the first satellite, which happen when 
Jupiter is near conjunction (N. 96^, are later by 16^ 
26**6 tiian those which take place ^en the planet is in 
opposition. As Jupiter is nearer to us when in opposi- 
tion by the whole breadth of the earth's orbit than 
when in conjunction, this circumstance is attributed to 
the time employed by the rays of light in crossing the 
earth's orbit, a distance of about 190,000,000 of nules ; 
whence it is estimated that light travels at the rate of 
190,000 miles in one second. Such is its velocity, that 
the earth, moving at the rate of nineteen miles in a 
second, would take two months to pass through a dis- 
tance which a ray of light would dart over in eight 
minutes, l^he subsequent discovery of the aberration 
of light confirmed this astonishing result. 

Objects appear to be situated in the direction of the 
rays which proceed from them. Were light propagated 
instantaneously, every object, whether at rest or in mo- 
tion, would appear in the direction of these rays ; but 
as hght takes some time to travel, we see Jupiter in 
conjunction, by means of rays that left him 16™ 26**6 be- 
fore ; but, during that time, we have changed our posi- 
tion, in consequence of the motion of the earth in its 
orbit : we dierefore refer Jupiter to a place in which he 
is not. His true position is in the diagonal (N. 97) of 
the parallelogram, whose sides are in the ratio of the 
velocity of light to the velocity of the earth in its orbit, 
which is as 190,000 to 19, or 10,000 to 1. In conse- 
quence of the aberration of tight, the heavenly bodies 
seem to be in places in which Siey are not In fact, if 
the «arth were at rest, rays from a star would pass along 
the axis of a telescope directed to it ; but if the earth 
were to begin to move in its orbit, with its usual velocity, 
these rays would strike agsinst the side of the tubs; it 
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would, therefore, be necessary to incHoe the telescope 
a little, in order to see the star. The aogle contaioea 
between the axis of the telescope and a line drawn to 
the true place of the star, is its aberration, which varies 
in quantity and direction in different parts of the earth's 
orbit ; but as it is only 20''*36, it is insensible in ordinary 
eases (N. 96). 

The velocity of Hght deduced from the observed aber- 
ration of the fixed stars perfectly corresponds with that 
given by the ecUpses of the first satellite. The same 
result, obtained from sources so different, leaves not a 
doubt of its truth. Many such beautiful coincidences, 
derived from circumstances apparently the most un- 
promising and dissimilar, occur in physical astronomy, 
and prove connections which we might otherwise be un- 
able to trace. The identity of the velocity of light, at 
the distance of Jupiter, and on the earth's surface, shows 
that its velocity is uniform ; and if light consists in the 
vibrations of an elastic fluid or ether filling space, a hy- 
pothesis which accords best with observed phenomena, 
the uniformity of its velocity shows that the density 
of the fluid throughout the whole extent of the sohur 
system must be proportional to its elasticity (N. 99). 
Among the fortunate conjectures which have been con- 
firmed by subsequent experience, that of Bacon is not 
i;he least remarkable. ** It produces in me,'' says the 
Testorer of true philosophy. ** a doubt whether the face 
of the serene and starry heavens be seen at the instant 
it really exists, or not till some time later : and whether 
there be not, with respect to the heavenly bodies, a true 
time and an apparent time, no less than a true place 
and an apparent place, as astronomers say, on account 
of parallax. For it seems incredible that the species or 
rays of the celestial bodies can pass through the im- 
mense interval between them and us in an instant, or 
that they do not even require some considerable portion 
of time." 

Great discoveries generally lead to a variety of con- 
elusions : the aberration of light affords a direct proof of 
the motion of the earth in its orbit ; and its rotation is 
proved by the theory of falling bodies, since the centri- 
fugal force it induces retards the oscillations of the pea- 
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duium (N. 100) in going from the pole to the equator. 
Thiu a high degree of scieotifie knowledge has been 
requisite to dispel the errors of the senses. 

The little that is known of the theories of the satel- 
lites of Saturn and Uranus, is, in all respects, similar to 
that of Jupiter. Saturn is accompanied by seven satel- 
lites, the most distant of which is about the size of the 
planet Mars. Its orbit has a sensible inclination to the 
plane of the ring ; but the great compression of Satorn 
occasions the other satellites to move neariy in the plane 
of his equator. So many circumstances must concur to 
render the two interior satellites visible, that they have 
very rarely been seen. They move exactly at the edge 
of the ring, and their orbits never deviate from its plane. 
In 1789, Sir William Herschel saw them, like beads, 
threading the slender line of light which the ring is re- 
duced to, when seen edgewise from the earth. And 
for a short time he perceived them advancing off it at 
each end, when turning round in their orbits. The 
eclipses of the exterior satellites only take place when 
the ring is in this position. Of the situation of the equa- 
tor of Uranus we know nothing, nor of his cora|veBBion ; 
but the orbits of his satellites are nearly perpendicular 
to the plane of the ecliptic ; and, by analogy, they ought 
to be in the plane of his equator. Uranus is so remote 
that he has more the appearance of a planetary nebula 
than a planet, which renders it extremely difficult to 
distinguish the satellites at all ; and quite hopeless with- 
out such a telescope as is rarely to be met with ^ven in 
observatoiiea. Sir William Herschel discovered six, 
and determined the motions of two of them ; but from 
that time the position of the planet has been such as to 
render farther observations impossible. The subject 
has recently occupied the attention of his son, who has 
found evidence of the general correctness of his father's 
views, and has been enabled to determine the elements 
of the motions of these minute objects with more accu-. 
racy. The first satellite performs its revolution about 
Uranus in 8"^ 16^^ 56" 28"- 6; and the second satellite ac- 
complishes its period in IS*^ 11^ 7" 12"-6. The orbits of 
both seem to have an inclination of about 101° '2 to the 
plane of the ecliptic ; and their motions offer the singu^ 
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far phenomeiMni of being retrograde, or &om east to 
west; while all tiie planets and the other aateJlitOi m- 
rolve in the coidxaiy direction. Sir John HerBehel eoojJ 
not perceiFo the smallest indication of a ring. 
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Our constant companimi, the moon, next claims our 
Attention. Several circumstances concur to render her 
motions the most interesting, and at the same touQ the 
moat difficult to investigate, of all the bodies of our sys- 
tem. In the solar system, planet troubles planet ; but in 
the lunar theory, the sun is the great disturbing cause ; 
his Yast distance being compensated by his enormous 
magnitude, so that the motions of the moon are more 
irregular than those of the planets ; and, on account of 
the great ellipticity of her orbit, and the size of the sun, 
the approximations to her motions we tedious and diffi- 
cult, beyond what those unaccustomed to such investiga- 
tions could imagine. The average distance of the moon 
from the center of the earth is only 237,360 miles, so 
that her motion among the stars is perceptible in a few 
hours. She completed a circuit of the heavens in 
27* 7^ 43"* 4**7, moving in an orbit whose eccentricity is 
about 12,985 miles. The moon is about four hundred 
tames nearer to the earth than the sun. The proximity 
of the moon to the earth keeps them together. For so 
ffrest is the attraction of the sun, that if the moon were 
nirther from the earth, she would 4eave it altogether, and 
would revolve as an. independent planet about the sun. 

The disturbing action (N. 101) of the sun on the moon 
is equivalent to three fmrces. The Saeet, acting in the 
^* — of the fine jdioing the moon And earthy in- 
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craases or diminishes her grayitj to the eerth. The 
second, acting in the direction of a tangent to her orbit, 
disturbs her motion in longitude ; and the third, acting 
perpendicularly to the pli^e of her orbit, diatnrba her 
motion in latitude-— that is, it bring* her nearer or re- 
moves her farther from the plane of the ecUptic than 
she would otherwise be. The periodic perturbations 
in the moon arising from these forces, are perfectly sim- 
ilar to the periodic perturbations of the planets. But 
they are much greater and more numerous ; because 
the sun is so la^ge, that many inequalities which are 
quite insensible in the motions of the planets, are of 
great magnitude in those of the moon. Among the in- 
numerable periodic inequalities to which the moon*s 
motion in longitude is liable, the most remarkable are, 
the Equation of the Center, which is the difference be- 
tween the moon^s mean and true longitude, the £vec- 
tion, the Varifttion» and the Annual Equation. Tbe 
disturbing force which acts in the line joining the moon 
and earth produces the Evection : it diminishes the ec- 
centricity of the lunar orbit in conjunction and opposi- 
tion, thereby making it more circular, and augments it 
in quadrature, which consciquently renders it more ellip- 
tical. The period of this inequality is less than thirty- 
two days. Were the increase and diminution always 
the same, the Evection would only depend upon the 
distance of the moon from the sun; but its absolute 
value also varies with her distance from the perigee 
(N. 102) of her orbit. Ancient astronomers, who ob- 
served the moon solely with a view to the piedictioD of 
eclipses, which can only happen in conjunction and oppo- 
sition, where the eccentriciQr is diminished by the £vec* 
tion, assigned too small a value to the ellipticity of her 
orbit (N. 193). Tbe Evection was discovered by Ptole- 
my from observatran, about A.n. 140. The variatkNi 
produced by the tangential disturbing force, which is 
at its maximum when the moon is 45^ distant from the 
sun, vanishes when that distance amounts to a quadrant, 
and also when the moon is in conjunction and opposi- 
tion ; consequently, that inequality never could have 
been discovered from the eclipses : its period is half a 
lunar month (N. 104). The Annual Equation depends 
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jxpoa the sun's distance from the earth : it arises fixim 
the moon's motion being accelerated when that of the 
earth is retarded, and vice versd — ^for when the earth is 
in its perihelion, the lunar orbit is enlarged by the ac- 
tion of the sun; therefore, the moon requhres more 
time to perform her revolution. But, as the eardi ap- 
proaches its aphelion, die moon's orbit contracts,^ and 
lesR time is necessary to accomplish her motion — ^its 
fp iod, consequently, depends upon the time of the 
^» .11*. In the eclipses, the annual equation combinot 
%vith the equation of the center of the terrestrial orbit, 
so that ancient astronomers imagined the eardi's orbit 
to have a greater eccentricity than modem astronomers 
assign to it. 

The planets disturb the motion of the moon both 
directly and indii«ctly : their action on the earth alters 
its relative position with regaird to the sun and moon, 
and occasions inequalities in the moon's motion, which 
■re more considerable than those arising from their 
direct action ; for the same reason the moon, by disturb- 
ipg the earth, indirectly disturbs her own motion. Nei- 
iher the eccentricity of the lunar orbit, nor its mean 
inclination to the plane of the ecliptic, have experienced 
any changes from secular inequalities; for, although 
the mean action of the sun on the moon depends upon 
the inclination of the lunar orbit to the ecliptic, and the 
position of the ecliptic is subject to a secular inequality, 
yet analysis shows that it does not occasion a secular 
variation in the inclination of the limar orbit, because 
the action of the sun constantly brings the moob's orbit 
to the same inclination to the ecliptic. The mean mo^ 
tion, the nodes, and the perigee, however, are subject 
to very remarkable variations. 

From the eclipse observed by the Chaldeans at Baby- 
ton, on the 19lh of March, seven hundred and twenty- 
one years before the Christian era, the {dace of the 
moon is known from that of the sun at the instant of 
opposition (N. 83), whence her mean longitude may be 
found. But the comparison of this mean longitude with 
another mean longitude, computed back for the instant 
of the eclipse from modem observations, shows that the 
moon performs her Tevohitioii round tiie earth more 


fridlj Mid in aflhorter time now tibsn she did fana^miy, 
and dmt the aooeferation in her menn motion fans been 
inc r eii i pg from age to age as the square of die time 
(N« 106). AH ancient and intermediate eclipses eonfirm 
Uiis reMilt. As the mean motions of the planets have 
no nnrnlar inequalities, this seemed to be an unacoount 
able aaesBidy. It was at one time attribated to the re- 
Mitanee ^ an ethereal medium pervading space, and at 
aMtfaar to the successive transmission of the gravitating 
fissea. But as La Place proved that neither of these 
caittes, even if they exist, have any influence on the 
woaane of the lunar perigee (N. 102) or nodes, they 
oewld net affect the mean motion; a variation in tbm 
mean motion from such causes being inseparably oon- 
neded with the variations in the motions of tiie perigee 
and nodes. That great mathematician, in studying the 
theory of Juptter*s satellites, perceived that the soicular 
Tniiatjirrn in the elements ojf Jupiter's orbit, from the 
adaon of the planets, occasions corresponding changaa 
in the motions of the satellites, which led hun to sua- 
peeti that the acerieration in the mean motion of the 
moon taagjii be connected with the secular variation in 
ih» eeeentricity of the terrestrial orbit. Analysis has 
shown tibat he assigned the true cause of the acceleration. 
It is proved that the greater the eccentricity of the 
terreatrial orbit, the greater is the disturbing action of 
the sun on the moon. Now as the eccentricity has 
been decreasing fi>r ages, tSbe effect of the sun in dis- 
turbing the moon has been dimintshing during that time. 
Consequently the attraction of the eaith has had a more 
and more powerful effect on the moon, and has been 
eontinualfy diminishing the siae of the lunar orbit So 
that the moon's velocity has been gradually augmenting 
for many centuries to balance the incrflbse of tJbe earth's 
attraction. This secular increase in the moon's velocity 
is calM the AooeleBatioD, a name peculiarly appropriste 
at j^eseat, «nd whioh will continue to be so tor a vast 
winiber of Sj^ ; because, as long as the earth's sooan- 
triei^ diminishas, the moon's mean motion will be ac- 
oelerated ; but when the eccentricity has pasted its 
minimum, Andbe^^ lo increase, the mean motion will 
be.«ataaded.fiM»m age .to age* The secular aeeeleration 
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w now about 11"*9, but its eflecfe on the miMii'ff _ 
inereoses as the square of the time. It is remarkabfai 
that the action of the planets, thus vefleded by the avm 
te the moon, is mneh mqro sensible thaa th«r db«Bft 
action either on the earth or xnooB* Tbe s^cttlar disit!* 
nation in the ecceotricity, which has not f^lwed the 
equation of the center of the sun by «ight mifitttes smoe 
l^e earliest recorded edipses, has pivKluiced a TariMwm 
of about 1° 48' in the moon's longitude^ and of 7^ IS' in 
her mean anomaly (N. 106). 

The action of the sun occasions a rapid hut vaEriahle 
motiox^ in the nodes and perigee of liie huiar ettiL 
Though the nodes recede during the greater part of tJMi 
moon's revolution, and advanpe during the smaUer, thi^ 
perform their sidereal revolution in 6793*^ 9^ 23™ 9*-3 1 
and the perigee accomplishes a revolution in 3232<^ 13^ 
43m 29**6, or a little more than nine years, netwilbr 
standing its motion is sometimes retrograde and soomk 
times (Qrect: but such is the difference between thie 
disturbing energy of the sun and that of all the planets 
put togetiber, that it requires no less than 109>830 yeam 
for the greater axis of the terrestrial oxbit to do the 
same, moving at the nto of 1V*8 annuaUy. The Hoarsa 
of the earth has no sensible effect either on the liUMur 
nodes or apsides. It is evident that the sanae seeulsr 
variation which changes the sun's distance from the 
earth, and occasions the acceleration in the moon's mean 
motion, must affect the nodes and perigee. It conse* 
quently appears, from theory as well as observation, that 
both these elements are subject to a secular inequality, 
arising from the variation in the eccentricity of the 
earth's orbit, which connects them with the Aoceleration^ 
so that botfarare retarded when the mean motion is an- 
ticipated. The secular variations in these three ele* 
ments are in the ratio of the numbers 3, 0*735, and 1 ; 
whence the three motions of the moon, with regard to 
the sun, to her perigee, and to her nodes, are continU" 
ally accelerated, and their secular equations are as the 
numbers I, 4*702, and 0*612. A comparison of ancient 
eclipses observed by the Arabs, Greekis, and Chalde^oSf 
imperfect as they are, with modem observations, con* 
firms these results of analysis. Future 9gfi% will de*' 
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velop tbese great mequatities, wbich at aome most 
distant period will amoiiDt to many eiremnferences 
(N. 107). They are, indeed, periodic; bat who abaH 
tell their period 1 Millions of years must elapse befcN^ 
that great cycle is aocoiD|^shed. 

The moon is so near, niat the excess of matter at tbm 
aarth's eqnator occasions periodic Tariations in her Ion* 
gitade, and also that remarkable inequality in her lati- 
tude, already mentioned as a nutation in the Innar orbit, 
which diminishes its inclination to the ecliptic when the 
moon's ascending node coincides with the equinox of 
Bjnring, and augments it when that node cmncides with 
the equinox of autumn. As the cause must be propor- 
tional to the effect, a comparison of these inequalities, 
computed from theory, with the same given by obser- 
vation, shows that the compression of the terrestrial 
spheroid, or the ratio of the difference between the 
polar and the equatorial diameters, to the diameter of 
the equator, is 77 j.77. It is proved analytically, that if 
a fluid mass of homogeneous matter, whose particles 
attract each other inversely as Ae squares of the dis- 
tance, were to revolve about an axis as the earth does, 
it would assume the form of a spheroid whose compres- 
sion is j^jf. Since that is not (he case, the earth can- 
not be homogeneous, but must decrease in density from 
its center to its circumference. Thus the moon's 
eclipses show the earth to be round ; i|nd her inequali- 
ties not only determine the form, but even the internal 
structure of our planet ; results of analysis which could 
not have been anticipated. Similar inequalities in the 
motions of Jupiter's satellites prove that his mass is not 
homogeneous, and that his compression is y^.^. His 
equatorial diameter exceeds his polar diameter by about 
6000 mUes. 

The phases (N. 108) of the moon, which vary from 
a slender silvery crescent soon after conjunction to a 
complete circular disc of light in opposition, decrease by 
the same degrees till the moon is again enveloped in 
the morning beams of the sun. These changes regulate 
the returns of the eclipses. Those of the sun can onfy 
happen in conjunction, when the moon, coming between 
the earth and the sun, intercepts his light Thoee of 
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ibe mooQ are occasioned by the eartli interreniog be- 
tween the Sim and moon when in opposition. As the 
earth is opaque and nearly spherical, it throws a conical 
shadow on the side of the moon opposite to the sun, the 
axis of which passes through the centers of the sun and 
earth (N. 109). The length of the shadow terminates 
at the point where the apparent diameters (N. 110) 
of the sun and earth would be the same. When the 
moon is in opposition, and at her mean distance, the 
.diameter of the sud would be seen from her center 
under an angle of 1918"-1. That of the eaith would 
^pear under an angle of 6908''*3. So that the length 
c^ the shadow is at least three times and a half greater 
than the distance of the moon from the earth, and the 
breadth of the shadow, where it is traversed by the 
moon, is about eight-thirds of the lunar diameter. Hence 
the moon would be eclipsed every time she is in oppo- 
sition, were it not for the inclination of her orbit to the 
plane of the ecliptic, in consequence of which the moon 
when in opposition is either above or below the cone of 
the earth's shadow, except when in or near her nodes. 
Her position with regard to them occasions all the vari- 
eties in tibe lunar eclipses. Every point of the moon*s 
surface successively loses the light of different parts of 
the sun's disc before being eclipsed. Her brightness 
therefore gradually diminishes before she plunges into 
the earth's shadow. The breadth of the space occupied 
by the penumbra (N. Ill) is equal to the apparent di- 
ameter of the sun, as seen from the center of the moon. 
The mean duration of a revolution of the sun, with re- 
gard to tha node of the lunar orbit, is to the duration of 
a synodic revolution (N. IIQ) of the moon as 223 to 19. 
So that, after a period of 223 lunar months, the sun and 
moon would return to the same relative position with 
regard to the node of the moon's orbit, and therefore 
the eclipses would recur in the same order, were not 
the periods altered by irregularities in the motions of 
the sun and moon. In lunar eclipses, our atmosphere 
bends the sun's rays which pass through it all round 
mto the cone of the eaith's shadow* And as the hori* 
9ontal refraction (N. 113) or bending of the rays sur* 
passes half the i^um of tne semidiameters of the mm 
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and mooiw divided by their rnvtboti diitftnoe, tbe 
of the lunar disc* suppoeed to be ia the aixai of Unm 
ghadow, would receive the raya fix>m the aame poutt «f 
the sun, round aU aides of the earthy ao that il wewH be 
more illuminated than in full mooB« if the greater por- 
tion of the light were not stopped or abaQrt>ed b^ ifaa 
atmosphere. Instances are recorded where this webla 
light has been entirely absoibed, so that the moen haa 
altogether disappeared in her eclipaes. 

The sun is eclipsed when the moon intereepta hia 
rays (N. 114), The moon, though ineomparably smatter 
than the sun, is so much nearer the earth, that kor 
apparent diameter differs but titi^ from hia, but bolii 
are liable to such variations, that they alteniate]|y anv 
pass one another. Were the eye of a spectator in the 
same straight line with the centers of the ana and moan, 
he would see the sun eclipsed. K the apparent diaaso^ 
ter of the moon surpassed that of the sun, the echpae 
would be total. If it were less, the observer would see 
a ring of light round the disc of the moon, and the 
eclipse would be annular, as it vras on the 17th of May, 
1636. If the center of the moon should not be in tibe 
straight line joining the centers of the sun and the eye 
of the observer, the moon might only eclipse a part of 
the sun. The variation, therefore, in the distances of, 
the sun and moon from the center of the earth, and of 
the moon from her node at the instant of conjunctkm, 
occasions great varieties in the solar eclipses. Besides, 
the height of the moon above the horizon changes her 
apparent diameter, and may augment or diminish the 
apparent distances of the centers of the sun and moon, 
so that an eclipse of the sun may occur to the inhabi- 
tants of one country, and not to those of another* In 
this respect the solar eclipses differ from the Inoir, 
which are the same for every part of the earth whers 
the moon is above the horizon. In solar eclipses, the 
light reflected by the atmosphere diminishes the obscu- 
rity they produce. Even in total eclipses the hi^er 
part of the atmosphere is enlightened by a part of the 
Vun's disc, and reflects its rays to the earth. The whoie 
disc of the new moon is fre<piently visiUe frcm 
pberic reflection. 
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i w r iil y the totAl eclipse of tbe son wUch httfyp^Md «ii 
tfie 81^ of Jidy, 1842. The moon w^ Hke ft Uadk 
pstdt on iho dcy surrouiidad by a faiat i^lu^sb Bglit 
•bout the ^ghth of tiie moon'tf dismeter to byosd^, in 
wMeh tfaxee red flames appeared in form fike the tee& 
of a saw; from what cause they ori^nated, or wint 
they were, is totally unknown. 

Phnets sometimes eclipse one another. On ihcr ITtii 
of May, 1737, Mercury was eclipsed by Yemis near 
thenr inferior conjunction; Mars passed over Jupiter on 
the 9th of January, 1591 ; and on the 30th of October, 
1625, the moon eclipsed Saturn. These phenomena, 
however, happen very seldom, because aU the planets, 
or even a part of them, are very rarely seen in con- 
junction at once ; that is, in the same part of the heav- 
ens at the same time. More than 2500 years hekre 
eur era, the five great planets were in conjunction. On 
the 15lh of September, 1186, a similar assemblage teek 
place between the constdktions of Vii^ and Libra; 
and in 1801, the moon, Jupiter, Saturu, and Venus 
were united in the heart of the Lion. These conjunc- 
tions are so rare, that Lalande has computed that more 
than seventeen millions of nuUions of years separate the 
epochs of the contemporaneous conjunctions of the six 
great planets. 

The motions of the moon have now become of more 
importance to the navigator and geographer than those 
of ai^ other heavenly body, from the precision with 
which terrestrial longitude is determined by occultations 
<^ stars, and by lunar distances. In consequence of the 
retrograde motion of the nodes of the lunar orbit, at the 
rate of 3' 10^^*64 daily, these points make a tour oi the 
heavens in a little more than eighteen years and a htiHL 
This causes the moon to BEiove round the earth in a kind 
of sfnral, so that her disc^ at difierent times passes over 
every point in a zone of the heavens extending rather 
more than 5° 9' on each side of the ecliptic. It is there* 
fore evident, that at one time or other she must edipse 
every star and planet she meets with in this space. 
Therefore the occultation of a star by the moon is a phe- 
nomenon of frequent occurrence. The moon seems ' i 
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|MM» over the tfiar* which afaiMet instantaiieoadjr ?miuBhe« 
«t oae aide of her dite, and afiter a short time as auddenhf 
reappears on the other. A lunar distance is the ob* 
served distance of the moon from the sun, or from a 
particular star or planet, at any instant. The lunar the- 
ory is brought to such perfection, that the times of these 
phenomena, observed under any meridian when eom- 
pared with those computed finr Greenwich in the Nauti- 
cal Almanac, give the longitude of the observer within a 
few miles (N. 95). 

From the lunar theory, the mean distance of the sun 
from the earth, and thence the whole dimensions of the 
solar system, are known. For the forces which retain 
^e earth and moon in their orbits are respectively pro- 
portional to the radii vectores of the earth and moon, 
each being divided by the square of its periodic time. 
And as the lunar theory gives the ratio of the forces, 
the ratio of the distances of the sun and moon from 
the earth is obtained. Hence it appears that the son's 
mean distance from the earth is 396, or nearly 400 
times greater than that of the moon. The method <xf 
finding the absolute distances of the celestial bodies in 
miles, is in &ct the same with that employed in meas- 
uring the distances of terrestrial objects. From tiie 
extremities of a known base (N. 115), the angles which 
the visual rays from the object form with it, are meas- 
ured ; their sum subtracted from two right angles gives 
the angle opposite tiie base ; therefore, by trigonometry, 
all the angles and sides of the triangle may be computed 
— consequently the distance of .the object is found. The 
angle under which the base of the triangle is seen from 
the object is the parallax of that object. It evidently in- 
creases and decreases with the distance. Therefore the 
base must be very great indeed to be visible from the 
celestial bodies. The globe itself, whose dimensions ars 
obtained by actual admeasurement, fru-nishes a standard 
of measures, with which we compare the distances, 
masses, densities, and voluntes of the sun and planets* 
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Section VL 

Fonn of the Earth ai4 Pl«iet»— Figure of a HomofeneoM Sphevnid ia 
Rotation— Figtitre of a Spheroid of Variable Denaitj— Figure of tli* 
Earth, tnppoBing it to be an Ellipaoid of RoTolution — Menaoratioa of • 
Degree of the Mendiao— ConipieBBioB and Size of the Earth tnm 
Degrees of Meridian — Figture of Earth from the Pendolnm. 

The theoretical investigatioQ of the figure of the eartb 
and planets is so complicated, that neither the geometiy 
of Newton, nor the refined analysis of La Place, fan 
attained more than an approximation. It is only within 
a few years that a complete and finite solution of that 
difficult problem has been accomplished by our distin* 
guished countryman Mr. Ivory. The investigation has 
been conducted by successive steps, beginning with a 
simple case, and then proceeding to the more difficult. 
But in all, the forces which, occasion the revolutions of 
the earth and planets are omitted, because, by acting 
equally upon aU the particles, they do not disturb their 
mutual relations. A fluid mass <^ unifiirm density, whose 
particles mutually gravitate to each other, will assume 
the form of a sphere when at rest. But if the sphere 
begins to revolve, every particle will describe a circle 
(N. 116), having its center in the axis of revolution. 
The planes of S\ these circles will be parallel to one 
another and perpendicular to the axis, and the particles 
will have a tendency to fly from that axis in consequence 
of the centrifugal force ansing from the velocity of rota- 
tion.^ The force of gravity is everywhere perpendicular 
to the surface (N. 1I7>, and tends to the interior of the 
fluid mass ; whereas tne centrifugal force acts perpen- 
dicularly to the axis of rotation, and is directed to the 
exterior. And as its intenuty diminishes with the dis- 
tance from the axis of rotation, it decreases from the 
equator to the poles, where it ceases. Now it is clear 
that these two forces are in direct opposition to each 
other in the equator alone, and that gravity is there di- 
minished by the whole effect of the centrifugal force, 
whereas, in every oitxer part of the fluid, the centrifuge 
force is resolved into two parts, one of which, b^g per- 
pendicular to the surface, diminishes the force of grav- 
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ity; but the other, being at a tangent to the anrface, 
urges the particles toward the equator, where they ae- 
cumulate till their numbers compensate the diminution 
of gravity, which makes the mass bulge at the equator, 
ftnd become flattened at the poles. It appears, liien, dnt 
the iafuenoe of the centrifugal force is most powei&i at 
Am equator, not only because it is actually gitsater there 
than elsewhere, but because its whole effect is employed 
In diminishing gravity, whereas, in every other point of 
the fluid mass, it is only a part that is so employed. For 
belh these reasons, it gradually decreases toward the 
poles, where it ceases. On the contrary, gravity is least 
at the equator, becanse the particles are farther from 
the center of the mass, and increases toward the p^es^ 
where it is greatest. It is evident, therefore, Aat, as 
Hie centrifugal force is much less than the force of grav* 
ity — gravitation, which is the diflerence between tHe 
two, is least at the equator, and continuaBy increase* 
toward the poles, where it is a maximum. On these 
principles Sir Isaac Newton proved that a hemegeaeen 
fluid (N. 118) mass in rotation assumes the form of att 
eBipsoid of revolution (N. 119), whose eoropressien hi 
«}^. Such, however, cannot be the form of the earA^ 
Because the strata increase in density towitfd the center. 
The lunar inequalities also prove the earth to be so con- 
structed ; it was requisite, therefore, to consider tike fluid 
mass to be of variaUe density. Including this condition, 
it has been found that the mass, when in rotation, would 
still assume the form of an ellipsoid of revolution ; that 
&e particles of equal density would arrange themse l v e a 
in concentric elliptical strata (N. 120), the most dense 
being in the center; but that the compression or flat- 
tening would be less |han in the case of the homogene- 
ous fluid. The compression is still less ^dien the mass 
is considered te be, as it actually is, a solid nucleus, de- 
creasing regularly in density from the center to the sur- 
flice, and partially covered by the ocean, because the 
solid parts, by their cc^esion, nearly destroy that part 
of the centriftigB] force which gives the particles a*tett- 
dency to accumulate at the equator, thon^ not ako- 
gether ; otherwise the sea, by the superior mobiliiy of 
tos particles, would flow toward ihe equator aad iMWt 


.74. FOBH OF TBE EARTH. 4# 

tbt pole« dry. Beside, it is well known, tliat the oon- 
tioeats at the equator are more elevated than they axe 
in higher latitndes. It is also necessary for the eqaili*- 
hsmm of the ocean, that its density should be less tibaa 
the mean density of the earth, otherwise the continents 
would be perpetually liable to inundations from storms, 
and other causes. On the whole, it appears from the* 
ery, that a horizontal line passing round the earth 
through both poles, must be nearly an ellipse, having its 
laajor axis in the jdane of the equator, and its mmor 
4xis coincident witii the axis of the earth's rotation 
(N. 121)* It is easy to show, in a spheroid whose 
ttjotai are elliptical, that the increaae in the length of 
Jke radii (N. 122), the decrease of gravitation, and the 
incnaase in the length of the arcs of the meridian, cor- 
gea^oadmg to angles of one degree, from the poles to 
tijt^ aquator, are Si proportional to the square of the co< 
uma w the latitude (N. 123). These quantities are so 
ctiHfeeled with the ellipticiry of the spheroid that tiie 
tatal iooreaae in the length of the radii is equal to the 
•poapiaasion 0r flattening, and the total diminution in the 
iM^glh ot the arcs is equal to the compression, multi- 
]^ed by three times the length of an arc of one degree 
at the equaior. Hence, by measuring the meridian 
enrvature of the earth, the compression, and conse- 
quently its figure, become known. This, indeed, is as«> 
svoiing the earth to be an ellipsoid of revolution, but 
the actual measurement of the globe vnll show how far 
it corresponds with tliat solid in figure and constitution. 

The courses of the great rivers, which are in general 
■avigable to a considerable extent, prove that the curva- 
tui^e of the land difiers but little from that of the ocean 
and as the heights of the mountains and continents are 
inconsiderable when compared with ihe magnitude of 
the earth, its figure is understood to be determined by 
a mr&ce at every pmnt perpendicular to the directioa 
af gravitation, or of the phnnb^line, and is the same 
wiiMfa the sea would have, if it were continued ail round 
the earth beneath the continents. Such is the figum 
Hmt haa been measured in the following manner ^«- 

A tmraetnal meridian is a line passing thnm^ bodi 
p«lHkairtii^iMbi 0f ^ifhirh Im«o thnr 
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poraneona^. Were the lengdis and curratorM of dif- 
ferent meridians known, the figure of the earth might 
be determined. Bat the lengm of one degree ia aaffi- 
eient to give the figure of the earth, if it ^ mearared 
on different meridians, and in a variety of latitudes. For 
if the earth were a sphere, all degrees would be of the 
same length ; but if not, the lengths of the degrees 
would be greater, exacdy in proportion as the curvature 
is less. A comparison of the length of a degree in dif- 
ferent parts of the earth's surfiice, will therefore deter- 
mine its size and form. 

An arc of the meridian may be measured by observ* 
ing the latitude of its extreme points (N. 124), and Aea 
measuring the distance between them in feet or fadi- 
oms. The distance thus determined on the surface of 
the earth, divided by the degrees and parts of a degree 
contained in the difference <^ the latitudes, witt give ti^ 
exact length of one degree, the difference of the lati- 
tudes being the angle contained between the verticals 
at the extremities of tiie arc. This would be eamly ac- 
complished were the distance unobstructed, and on a 
level with the sea. But, on account of the innumerable 
obstacles on the surface of the earth, it is necessary to 
connect the extreme points of the arc by a series of tri- 
angles (N. 125), the sides and ang^s of whidi are either 
measured or computed, so that the length of die arc is 
ascertained with much laborious calculation. In conse- 
quence of the irregularities of the surface, each triangle 
is in a. different plane. They must therefore be reduced 
by computation to what they would have been had they 
been measured on the surface of the sea. And as the 
earth may in this case be esteemed sf^erical, they re- 
quire a correction to reduce them to spherical triangles* 
The gentlemen who conducted the trigonometrical sur- 
vey, in measuring 500 feet ci a base in Ireland twice 
over, found that t£e difference in the two measurements 
did not amount to the 800th part of an inch. Such is 
tiie accuracy with which these operations are conduct* 
ed, and which they require. 

Arcs of the meridian have been measured in a variety 
of latitudes nortli and south, as well as nrcs perpendicu- 
lar to the meridian. From these measorements it ap- 
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pears that the length of the degrees increases from the* 
equator to the poles, nearly in proportion to the sqnare 
of the sine of the latitude (N. 126). Consequently, the 
convexity of the earth diminishes from the equator to 
the poles. 

Were the earth an ellipsoid of revolution, the merid- 
ians would be ellipses whose lesser* axes would coincide 
with the axis of rotation, and all the degrees measured 
between the pole and the equator would give the same ' 
compression when combined two and two. That, how- 
ever, is far &oin being the case. Scarcely any of the 
measurements give exactly the same results, chiefly on 
account of local attractions, which cause the plumb line 
to deviate from the vertical. The vicinity of mountains 
has that effect. But one of the most remarkable, though 
not unprecedented, anomalies takes place in the plains of 
the north of Italy, where the action of some dense sub* 
terraneous matter causes the jdumb-line to deviate seven 
or eight times more than it did firom tlie attraction of 
Chimborazo, in the experiments of Bouguer, while 
measuring a degree of the meridian at the equator. In 
consequence of this local attraction, the degrees of the 
meridian in that part of Italy seem to increase toward 
the equator through a small space, instead of decreasing, 
as if the earth was drawn out at the poles, instead of 
being flattened. 

Many other discrepancies occur, but from the mrean 
of the five principal measurements of arcs in Peru, India, 
France, England, and Lapland, Mr. Ivory has deduced 
tibat the figure which most nearly foOows this law is an 
ellipsoid of revolution whose equatorial radius is 3962*824 
miles, and the polar radius 3949*585 miles. The differ- 
ence, or 13*239 miles, divided by the equatorial radius, 
is jijf nearly. This fraction is called the compression 
of tibe eardi, and does not differ much from that given 
by the lunftr inequalities. Jf we assume the ear& to 
be a sphere, fhe length of a degree of the meridian is 
69^ British miles. Therefore 360 degrees, or the 
wh<He circumference of the globe, is 24,866 miles, and 
the diameter, which i» somediing less than a third of 
the cnrcumference. is about 7916, or 8000 miles nearly. 
Eratosthenes, who died 194 years before the Ghristian 
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mm, mm the €ae^ to give an appmiiDate lihie ^ ifa* 
e«rtfa'« ctreamference, by the measnremeiit of m mrc 
between Alexaadria and Syeoe. 

There k another method of finding the figure of the 
earth, totally different from the preceding, aotoly depend- 
ing upon the increaae of gravitation from the equator to 
the pelee. The force of gnnritation at any jdace is 
saeaaiifed by the descent of a heavy body daring the first 
second of its fidl. And the intensity of the centrifncal 
finee is measared by the deflection of any point £rom the 
tangent in • second. For, since the centriragal force bal- 
ances the attraction <^the earth, it is an exact measure of 
the gBiflritBting force. Were the attraction to cease, a body 
on Ae eniibee of the earth would fiy off in the tangent 
by the centrifugal force, instead of bending round in the 
eiicle of jfitation. Therefiire* the deflection ai the cir- 
cle from the tai^nt in a second measures the intensi^ 
of the eiffth'e attraction, and is equal to the Torsed sine 
of the avc des<aribed daring that time, a quantity eftsil^ 
dAHermioed from the known velocity oif the e«rth^s rota- 
tion. Whence it has been found, thiU: at the equator 
the centrifugal force is equal to the 289th part of gravit;y. 
New, it is proved by analysis that whatever the consti* 
tution of the earth and planets may be, if the intensity 
of grwilBtion at the equator be taken equal to unity, the 
sum of the compression of the ellipsoid, and ^e whole 
increase of gravitatioD from the equator to the pole, is 
equal to five halves of the ratio of the centrifugal force 
to gravitalion at the equator. This quantity with regard 
to the earth is | of -^^ or tit-?* Consequently, the 
compression of the earu is equal to tI?-? diminished by 
the whole increase of gravitation. So that its form will 
be known, if the whole increase of gravitation from the 
equator to the pole can be determined by experiment. 
This has been accomplished by a method founded upon 
the lQik>wing considerations :-— If the earth were a homo- 
geneous sphere without rotation, its attraction on bodies 
at its surface would be everywhere the same. If it* 
be elliptical and of variable density, the force of gravity, 
theoretically, ought to increase from the equator to the 
pole».as unity jp^i«f a eonstant quantity multiplied into the 
of tho m» of thii ^tttude (N. 196). But for a 
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•pheroid in rotatioD, the centriixigal force varies, by die 
laws of mechanics, as the square of the sine of the kti- 
tude, from the equator, where it is greatest, to the pole, 
where it vanishes. And as it tends to make bodies fly 
off the surface, it diminishes the force of gravity by a 
small quantity. Hence, by gravitation, which is tiie dif- 
ference of these two forces, the fall of bodies ought to 
be accelerated from the equator to the poles proportion- 
ably to the square of the sine of the latitude ; and the 
weight of the same body ought to increase in that ratio. 
This is directly proved by the oscillations of the pendu- 
him (N. 127), which, in fact, is a falling body ; for if the 
fi&H of bodies be accelerated, the oscillations will be more 
rapid : in order, therefore, that they may always be per- 
formed in the same time, the length of the pendulum 
must be altered. By numerous and careful experi- 
ments, it is proved mat a pendulum which oscillates 
86,400 times in a mean day at the equator, will do the 
same at every point of the earth's surface, if its length 
be increased progressively to the pole, as the square of 
the sine of the latitude. 

From the mean of these it appears that the whol6 
decrease of gravitation from the poles to the equator is 
0*005.1449, which, subtracted from ylji' s'lows that 
the compression of the terrestrial spneroid is about 
li^-aT* This value has been deduced by the late Mr. 
Baily, president of the Astronomical Society, who has 
devoted much attention to this subject ; at the same 
time, it may be observed that no two sets of pendulum 
experiments give the same result, probably from local 
attractions. Therefore, the question cannot be con- 
sidered as definitively settled, though the differences 
are very small. The compression obtained by this 
method does not differ much from that given by the 
lunar inequalities, nor from the arcs in the direction of 
tibe meridian, and those perpendicular to it. The near 
coincidence of these three values, deduced by methods 
do entirely independent of each other, shows that the 
mutual tendencies of sthe centers of the celestial bodies 
to One another and the attraction of the earth for bodies 
at its surface result from the reciprocal attraction of all 
diefar particles. Another proof may be added. The 
4 K 
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outalaon of tbe earth's axis and the prec^ssioo of the 

equinoxes (N. 143) are occasioned by the action of the 
sun and moon on the protuberant matter at the earth's 
equator. And although these inequalities do not give 
the absolute value of the terrestrial tompression, iSiey 
show that the fraction expressing it is comprised be- 
tween the limits ^\^ and ^|,. 

It might be expected tLat the same compression 
should result from each, if the different methods of ob- 
servation could be made without error. This, however, 
is not the case ; for, after allowance has been made for 
every cause of error, such discrepancies are found, both 
\u the degrees of the meridian and in tbe length of the 
pendulum, as show that the figure of the earth is very 
complicated. But they are so small, when compared 
wi& the general results, that they may be disregarded. 
The compression deduced from the mean of the whole 
appears not to differ much from ^ijf ; that given by the 
lunar theory has the advantage of being independent of 
the irregularities of the earth's surface and of local at- 
tractions. The regularity with which the observed 
variation in the length of the pendulum follows the law 
of the square of die sine of the latitude, proves the 
strata to be elliptical, and symmetrically disposed round 
the center of gravity of the earth, which afibrds a strong 
presumption in favor of its original fluidity. It is re- 
markable how little influence the sea has on the varia* 
tion of the lengths of the arcs of the meridian, or on 
gravitation ; neither does it much affect the lunar ine- 
qualities, from its density being only about a fifth of the 
mean density of the earth. For, n the earth were to 
become a fluid, after being stripped of the ocean, it 
would assume the form of an ellipsoid of revolution 
whose compression is y^r.vi which differs very little 
from that determined by observation, and proves, not 
only that the density of the ocean is inconsiderable, but 
that its mean depth is very small. There may be pro- 
£}und cavities in the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level. On 3nA 
account, immense tracts of land may be deserted or 
overwhelmed by the ocean, as appears really tc have 
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been the case, without any great change in the form of 
the terrestrial spheroid. The variation in the length of 
the pendulnm was first renmrked by Richter in 1672, 
while observing transits of the fixed stars across the 
meridian at Cayenne, about five degrees north of the 
equator. He found that his clock lost at the rate of 
2™ 28* daily, which induced him to determine the 
length of a pendulum beating seconds in that latitude ; 
and repealing the experiments on his return to Europe, 
he found the seconds* pendulum at Paris to be more 
than the twelfth of an inch longer than that at Cayenne. 
The form and size of the earth being determined, 
a standard of measure is furnished with which the di- 
mensions of the solar system may be compared. 


Section VII. 


Pw«Uax— Lvnur Paiillaz found from diiect Obmrvatioi^-Solar Piftnltek 
dedaeed from the Traniit of Venus — ^Distance of th» Sun ficom the 
Earth— Annual Parallax — ^Distance of the Fixed Stars. 

The parallax of a celestial body is the angle under 
which the radius of the earth would be seen, if viewed 
from the center of that body ; it affords the means of 
ascertaining the distances of the sun, moon, and planets 
(N. 128). When the moon is in the horizon at the 
instant of rising or setting, suppose lines to be drawn 
from her center to the spectator and to the center of the 
^ earth ; these would form a right-angled triangle with 
the terrestrial radius, which is of a known length ; and 
as the parallax or angle at the moon can be measured, 
all the angles and one side are given; whence the 
distance of the moon from the center of the earth mav 
be computed. The parallax of an object may be found, 
if two observers imder the same meridian, but at a very 

great distance from one another, observe its zenith 
istances on the same day at the time of its passage 
over the meridian. By such contemporaneous obser- 
vations at the Cape of €rood Hope and at Berlin, the 
mean horizontal parallax of the moon was found to be 
3459^', whence the mean distance of the moon is about 
iixty times the mean terrc<>trial radius» or 237,360 milei 
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nearly. Since the parallax is equal to the radius of the 
earth divided bj' the distance of the moon, it varies with 
the distance of the moon from the earth under the 
same parallel of latitude, and proves the ellipticity of the 
lunar orbit. When the moon is at her mean distance, 
it varies with tlie terrestrial radii, thus showing that 
the earth is not a sphere (N. 129). 

Although the method described Is sufficiently accurate 
for finding the parallax of an object as near as the moon, 
it will not answer for the sun, which is so remote that 
the smallest error in observation would lead to a false 
result. But that difficulty is obviated by the transits of 
Venus. When that planet is in her nodes (N. 130), or 
within l}° of them, ^at is, in, or nearly in, the plane 
of the ecliptic, she is occasionally seen to pass over the 
0un hke a black spot. If we could imagine that the sun 
and Venus had no parallax, the line described by the 
planet on his disc, and the duration of the transit, would 
be the same to all the inhabitants of the earth. But as 
the semi-diameter of the earth has a sensible magnitude 
when viewed from the center of the sun, the line de- 
scribed by the planet in its passage over his disc appears 
to be nearer to his center, or farther from it, according 
to the position of the observer ; so that the duration of 
the transit varies with the different points of the earth's 
sur&ce at which it is observed (N. 131). This differ- 
ence of time, being entirely the effect of parallax, fur- 
nishes the means of computing it from the known 
motions of the earth and Venus, by the same inetliod as 
for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the sun from the earth at the 
time of the transit are known from the theory of their 
elliptical motion. Consequently the ratio of the paral- 
laxes of these two bodies being inversely as their dis- 
tances, is given ; and as the transit gives the difference of 
the parallaxes, that of the sun is obtained. In 1769. the 
pare^ax of the sun was determined by observations of a 
transit of Venus made at Wardhus in Lapland, and at 
Otaheite in the South Sea. The latter observation was 
the object of Cook's first voyage. The transit lasted 
about six hours at Otaheite, and the difference in dura- 
tion' at these two stations was eight minutes; whence 
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the san*s horizontal parallax was found to be 8''*72. 
But by other considerations it has been reduced by 
Professor Encke to 8"-5776; from which the mean 
distance of the sun appears to be about ninety-five mil- 
Uons of miles. This is confirmed by an inequdity in the 
motion of the moon, which depends upon the parallax <^ 
the sun, and which, when compared with observation, 
gives 8''* 6 for the sun's parallax. 

The parallax of Venus is determined by her transits ; 
that of Mars by direct observation, and it is foupd to be 
nearly double that of the sun, when the planet is in 
opposition. The distance of these two planets from 
the earth is therefore known in terrestrial radii, conse- 
quently their mean distances from the sun may be 
computed ; and as the ratios of the distances of the 
planets from the sun are known by Kepler's law, of the 
squares of the periodic times of any two planets being 
as the cubes of their mean distances from the sun, their 
absolute distances in miles are easily found (N. 132). 
This law is very remarkable, in thus uniting all the 
bodies of the system, and extending to the satelUtes as 
well as the planets. 

Far as the earth seems to be from the sun, Uranus is 
no less than nineteen times farther. Situate on the 
verge of the system, the sun must appear to it not 
much larger than Venus does to us. The earth cannot 
even be visible as a telescopic object to a body so re- 
mote. Yet man, the, inhabitant of the earlii, soars 
beyond the vast dimensions of the system to which his 
planet belongs, and assumes the diameter of its orbit 
as the base of a triangle whose apex extends to the 
stars. 

Sublime as the idea is, this assumption proves in- 
effectual, except in a very few cases ; for the apparent 
places of the fixed stars are not sensibly changed by the 
earth's annual revolution. With the aid derived from 
the refinements of modern astronomy, and of the most 
perfect instruments, a sensible parallax has been de- 
tected only in a very few of these remote suns, a Cen- 
tauri has a parallax of one second of space, therefore it 
is the nearest known star, and yet it is more than two 
huncbred. thousand t.mes farther from us t'lan the Mun 

% 2 
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U. At toch a distance not only the terrestrial orbit 
shrinks to a point, but the whole solar system, seen in 
the focus of the most powerful telescope, might be 
eclipsed by the thickness of a spider's thread. Light, 
flying at the rate of 190,000 miles in a second, wouM 
take more than three years to travel over that space. 
One of the nearest stars nuiy therefore have been 
kindled or extinguished more than three years, before 
we could have been aware of so mighty an event. But 
this distance must be small, when compared with that 
of the most remote of the bodies which are visible in 
the heavens. The fixed stars are undoubtedly luminous 
like the sun ; it is therefore probable that tiiey are not 
nearer to one another than the sun is to the nearest of 
them. In the milky way and the other starry nebula, 
some of the stars that seem to us to be close to others, 
may be far behind them in the boundless depths of 
■pace; nay, may be rationally supposed to be situate 
many thousand times farther off. Light would there* 
fore require thousands of years to come to the earth 
firom those myriads of suns of which our own is but 
** the remote companion.'* 


SscTioir VIII. 


of PlaiMte fhat Imito ao Satellite* determined from their Ptoftute* 
tiooe— Manee of the othen obtained from the Motions of their SaleUitea 
— Maseet of the San, the Earth, of Jnniter, and of the Jovial Syitom^ 
Maes of the Moon — Real Diameters of Planets, how obtained — ^Siie of 
Snn— Densities of the HeaToaly Bodies^Fomation of Aatrooomical 
Tables — ^Requisite Data and Means of obtaining them. 

The masses of such planets as have no sateDites, are 
known by comparing the inequalities they produce in 
the motaons of the earth and m each other, determined 
theoretically, with the same inequalities given by ob- 
servation; for the disturbing cause must necessarily 
be proportional to the effect it produces. The masses 
of the satellites themselves may also be conopared with 
that of the sun by their perturbations. Thus, it is 
found, from the comparison of a vast number of observa- 
tiims, witli La Placets thecny of JnpitBr's MtellitM, 
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that the man of the sun is no less than 65,000,000 
times greater than the least of these moons. But as 
the quantities of matter in any two primaiy planets are 
directly as the cnbes of the mean distances at which 
their satellites revolve, and inversely as the squares of 
their periodic times (N. 133), the mass of the sun and 
of any planets which have satellites may be compared 
with the mass of the earth. In this manner it is com- 
puted that the mass of the sun is 354,936 times that 
of the earth ; whence the great perturbations of the 
moon, and the rapid motion of the perigee and nodes of 
her oorbit (N. 134). Even Jupiter, the largest of the 
planets, has recently been found by Professor Airy to 
be 1048*7 times less than the sun ; and, indeed, die 
mass of the whole Jovial System is not more than the 
1046'77th part of that of the sun. So that the mass of 
the satellites bears a very small proportion to that of 
their primary. The mass of the moon is determined 
from several sources — ^from her action on the teireS" 
trial equator, which occasions the nutation in the axis of 
rotation ; from her horizontal parallax : fiom an in- 
equali^ she produces in the suii*s longitude ; and from 
her action on the tides. The three first quantities, 
computed from theory and compared with their ob- 
served values, give her mass respectively equal to the 
ifV> -n-vi and, ^.^ part of that of the eurth, which do 
not differ much from each other. Dr. Brinkley, Bishop 
of Cloyne, has found it to be ^V ^^ ^^^ constant of 
lunar nutation; but from the moon's action in raising 
the tidess her mass appears to be about the if^ pait of 
that of the earth — a vidue that cannot differ much from 
the truth. 

The apparent diameters of the sun, moon, and planets 
are determined by measurement ; therefore, their real 
diameters may be compared with that of the earth ; for 
the real diameter of a pbinet is to the real diameter of 
the earth, or 7916 miles, as the apparent diameter of 
the planet to the appai-ent diameter of the earth as seet^ 
from the planet, that is, to twice the parallax of the 
planet. Accordine to Professor Bessel, the mean ap- 
parent diameter ot the sun is 192*2'', and with the solar 
paraJlax 8''*5776, it will be found that the diameter of* 
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the sun is about 886,877 miles. Therefore, if the cen- 
ter of the sun were to coincide with the center of the 
earth, his volume would not only include the orbit of 
the moon, but would extend nearly as far again ; for 
the moon^s mean distance from the earth is about sixty 
times the earth's mean radius, or 237,360 miles : so that 
twice the distance of the moon is 474>720 miles, which 
differs but little from the solar radius; his eqaatoriid 
radius is probably not much less than the major, axis of 
the lunar orbit. The diameter, of the moon is only 2160 
miles ; and Jupiter's diameter of 87,000 miles is very 
much less than that of the sun ; the diameter of Pallas 
does not much exceed 79 miles, so that an inhabitant of 
that planet, in one of our steam carriages, might go 
round his world in a few homrs. 

The densities of bodies are (nroportiooal to their 
masses, divided by their volumes. Hence, if the sun 
and planets be assumed to be spheres, their volumes 
will be as the cubes of their diameters. Now, the ap* 

Sarent diameters of the sun and earth, at their mean 
istance, are 1922'' and 17''*15d2, and the mass of the 
earth is the 3M,936th part of that of the sun taken as 
the unit. It follows, therefore, that the eaith is nearly 
four times as dense as the sun. But the sun is-so large, 
that his attractive force would cause bodies to fall 
through about 334*65 feet m a seccmd. Consequently, 
if he were habitable by human beings, they would he 
unable to move, since their weight would be thurty times 
as great as it is here. A man of moderate size would 
weigh about two tons at the snr&ce of the sun ; where- 
as at the surface of the four new planets he would be so 
light, that it would be impossible to stand steady, since 
he would only weigh a few pounds. The mean density 
of the earth has been recently determined with a de- 
gree of accuracy that leaves nothing farther to be de- 
soed. Since a comparison of the action of two planets 
upon a third gives the ratio of the masses of these two 
planets, It is clear that if we can compare the effect of 
th« whde earth with the effect of any part of it, a com- 
pwison may be instituted between the mass of the 
wnole earth and the mass of that part of it. Now a 
leaden ball wa? weighed apinst the earth by comparing 
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the effects of each upon a pendulum ; the nearnew of 
the smaller mass maldng it produce a sensible efibct as 
compared with that of me larger : for by the laws of 
attraction the whole earth must be considered as col-* 
lected in its center. By this method it has been found 
that the mean density of the earth is 5*675 times greater 
than that of water at the temperature of 62° of Fahren* 
heit*s thermometer, fhe late Mr. Baily, whose accu- 
racy as an experimental philosopher is acknowledged, 
was unremittingly occupied nearly four years in accom- 
plishing this very important object. All the planets and 
satellites appear to be of less density than the esath. 
The motion of Jupiter^s satellites show that his dennty 
increases toward his center. Were his mass homogene- 
ous, his equatorial and polar aius would be in the ratio 
of 41 to 36, whereas they are observed to be only as 4X 
to 38. The singular irregularities in the form of Sat- 
urn, and the great compression of Mars, prove the in- 
ternal structure of these two planets to be very far from 
uniform. 

Before entering on the theory of rotation, it may not 
be foreign to the subject to give some idea of the meth- 
ods of computing the places of the planets, and of form- 
ing astronomical tables. Astronomy is now divided into 
the three distinct departments of theory, observation, 
and computation. Since the problem of the three bod- 
ies can only be solved by approximation, the analytical 
astronomer determines Uie position of a planet in space 
by a series of corrections. Its place in its circular orbit 
is first found, then the addition or subtraction of the 
equation of the center (N. 48) to or from its mean place, 
gives its position in the ellipse* This again is corrected 
by the application of the {nincipal periodic inequalities. 
But as these axe determined for some particular positiOD 
of the three bodies, they require to be corrected to suit 
other relative positions. This pvooess is continued till 
tha corrections become less than the errors of observa- 
tion, when it is obviously unnecessary to ^earry the ap- 
prioximation further. The true latitude and distance of 
die pknejt ^mn the sun are obtained by mediodp aimilar 
-^ ^i^ * -•mpipyed fer thfi longitude. 
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hoars, at the rate of 16° in an honr, time becomes a 
measure of angular motion and the principal element in 
astronomy, where the object is to determine the exact 
state of the heavens, and the successive changes it under- 
goes in all ages, past, present, and to come. Now the 
longitude, latitude, and distance of a planet from the 
sun, are given in terms of the time, Yf general analytioi) 
formulae^ These formulae will consequentlj give the 
exact place of the body in the heavens, for any time as- 
sumed at pleasure, provided they can be reduced to 
numbers. But before the calculator begins his task, the 
observer must furnish the necessary data, which are, 
obviously, the forms of the orbits, and their positions 
with regard to the plane of the ecliptic (N. 57). It is 
therefore necessary to determine by observation for each 
planet, the length of the major axis of its oVbit, the ec- 
centricity, the inclination of the orbit to the plane of the 
ecliptic, the longitudes of its perihelion and ascending 
node at a given time, the periodic time of the planet, 
and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent 
longitudes are estimated. Each of these quantities is 
determined from that position of the planet on which it 
has most influence. For example, the sum of the great- 
est and least distances of the planet from the sun is 
equal to the mpjor axis of the orbit, and their difference 
is equal to twice th6 eccentricity. The longitude of the 
planet, when at its least distance from the sun, is the 
same with the longitude of the perihelion ; the greatest 
latitude of the planet is equal to the inclination of the 
orbit ; the longitude of the planet, when in the plane of 
the ecliptic in passinc toward the north, is the longitude 
of die ascending nodfe, and the periodic time is the in- 
terval between two consecutive passages of the planet 
through the same node, a small correction being made 
for the precession of the node, during the revolution of 
the planet (N. 135). Notwithstanding the excellence of 
instruments and the accuracy of modern observers, una- 
voidable errors of observation can only be compensated 
by finding the value of each element from the mean of 
a thousand, or even many thousands of obsifi*vatioiDa. 
For 9i it is pMbable that the en&n ar% not all in one 
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but that some are in exceM and others in de- 
fect, they iivill compensate each other when combined. 

However, the vahies of the elements determined sep- 
arately, can only be regarded as approximate, because 
they are so connected, that the estimation of any one 
independently, will induce errors in the others. The 
aecentriotty depends upon the longitude of the perihe- 
lion, the mean motion depends upon the major axis, the 
UiPgitnde of thet node upon the inclination of the orbit, 
WDdvice:veT8/i. i« Gonsequentily, the place of a planet com- 
puted with the approximate data will differ from its ob- 
served place. Then the difficulty is to ascertain what 
elements are most in fiiult, since &e difference in ques- 
tion is the error of all ; that is obviated by finding the 
errors of some thousands of observations, and combinine 
diem, so as to correct the elements simultaneously, and 
to make the sum of the squares of the errors a minimum 
with regard to each element (N. 136). The method of 
accomplishing this depends upon the Theory of Proba- 
bilities ; a subject fertile in most important results in the 
variouA departments af science and of civil life, and quite 
indispensable in the <^termination of astronomical data. 
A series of observa^ons continued for some years wBl 
give approximate values of the secular and periodic ine- 
(pialities, winch must be corrected from time to time, 
all tiie(Hry and observation agree. And these again will 
give vahies of the masses of the bodies forming the solar 
system, which are important data in computing their 
motions. The periodic inequalities derived from a great 
number of observations are employed ibr the determina- 
tion of the values of the masses till such time as the 
. secular inequalities shall be perfectly known, which will 
then give them with all the necessary precision. When 
iffl these quantities ai*e determined in numbers, the lon- 
gitade, latitude, and distance of the planet from the 
sun are computed for stated intervals, and formed into 
lableB, arranged according to the time estimated from a 
gives epoch, so that the place of the body may be deter- 
mined irom them by inspection alone, at any instant, for 
Krhaps a thousand years before and after that epoch. 
r this tedious process, tables have been computed for 
•laraB piaiiets, beaidea the moon and the satelUtes gf 
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Jupiter. la the present state- of astronomy, tlie loasaea 

and elements of the orbits are pretty weU known, no 
that the tables only require to be corrected from time 
to time, as observations become more accurate. Thoao 
containing the motions of Jupiter, Saturn, and Uranna, 
have already been twice constructed within the last thirty 
years. The tables of Jupiter and Saturn agree almost 
perfectly with modern observation; those of Uranua, 
however, are already defective, probably because the 
discovery of that planet in 1781, is too recent to admil 
of much precision in the determination of its motioiia» 
or that possibly it may be subject to disturbances from 
some unseen planet revolving about the sun beyond the 
present boundaries of our system. If, after a lapse of 
years, the tables formed from a combination of numer^ 
ous observations should be still inadequate to represent 
the motions of Uranus, the discrepancies may reveal 
the existence, nay even the mass and orbit of a body 
placed forever beyond the sphere of vision. 

The tables of Mars, Venus, Mercury, and even those 
of the sun, have been greatly improved, and still occupy 
the attention of Professor Airy and other distinguished 
astronomers. We are chiefly indebted to the German 
astronomers for tables of the four new planets, which 
are astonishingly perfect, considering that these bodies 
have not been discovered more than forty yearst and m 
much longer time is requisite to develop their fneqnel* 
ities. 


Sectioit IX. 

Rotation of the San and Planett— Saturn's Rinn— Periods of the Rotatiw 
of the Moon and other Satellites eqnal to the Periods <d their IIbtoIq- 
tiona— Form of Lanar Spheroid— >Libratieii, Aspect, md CoostttatiaA ef 
the Moon— Rotation of Jupiter's Satellites. 

The oblate form of several ot the planets indicatea 
rotatory motion. This has been confirmed in most 
cases by tracing spots on their surface, by which their 
poles and times of rotation have been determined. The 
rotation of Mercury is unknown, on account of his pros- 
imily to the sun ; that of the new planets .has not yet 
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been aacertamed. The sun revolves in twenty-five days 
and ten hours about an axis v^hich is directed toward a 
point half-way between the pole-star and Lyra, the plane 
of rotation being inclined by 7° 30', or a litde more than 
seven degrees, to the plane of the ecliptic ; it may there- 
fore be concluded that the sun*s mass is a spheroid, 
flattened at the pdles. From the rotation of the sun, 
there is every reason to believe that he has a progi*es- 
sive motion in space, although the direction to which he 
tends' is unknown ; but, in consequence of the reaction 
of the {^nets, he describes a small irregular orbit about 
the center of gravity of the system, never deviating from 
his position by more than twice his own diameter, or a 
little more than seven times the distance of the moon 
from the earth. The sun and all his attendants rotate 
from west to east, on axes that remain nearly parallel 
to themselves (N. 137) in every point of their orbit, and 
with angular velocities that are sensibly uniform (N. 
138). Although Ihe uniformity in the direction of their 
rotation is a circumstance hitiberto unaccounted for in 
the economy of nature, yet; from the design and adapta- 
tion of every other part to the perfection of the whole, 
a coincidence so remarkable cannot be accidental ; and 
as the revolutions of the planets and satellites are abo 
from west to east, it is evident that both must have 
arisen from the primitive cause which determined the 
planetary motions. Indeed, La Place has computed 
the probability to be as four millions to one that aJl the 
motions of the planets, both of rotation and revolution, 
wero at once imparted by an original common cause, 
but of which we know neither the nature nor the 
epoch. 

The larger planets rotate in shorter periods than the 
smalls* planets and the earth. Their compression is, 
consequently, greater, and the action of the sun and of 
their satelUtes occasions « nutation in their axes and a 
precession of their equinoxes (N. 144) similar to that 
which obtains in the terrestrial spheroid, from the at- 
traction of the sun and moon on the prominent matter 
at the equator. Jupiter revolves in less than ten hours 
about an axis at right angles to certain dark belts, or 
bands, which always cross his equator. This rapid rotar 
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tion oocasions a very great oomproMfion in his fono. 
His equatorial axis exceeds his polar axis by 6000 miles, 
whereas the diiference in the axes of the earth is oaiy 
about twenty-six and a hatf. It is an evident conse- 
quence of Kepler's law of the squares of the periodic 
times of the planets being as the cubes of the major 
axes of their orbits, that the heavenly bodies move 
slower the farther they are from the sun. In comp»> 
rins the periods of the revolutions of Jupiter and Satoni 
wiuL the times of their rotation, it appears that a year 
of Jupiter contains nearly ten thonsand of his days, and 
that of Saturn about thirty thousand Satumian dkys. 

The appearance of Saturn is unparalleled in the sys- 
tem of the world. He is a spheroid nearly 1000 tioMS 
larger than the earth, surrounded by a ring even brii^ter 
than himself, which always remains suspended in the 
plane of his equator; and, viewed with a very good 
telescope, it is lound to consist of two concentric rings, 
divided by a dark band. The mean distance of tibte 
intorior part of this double ring from the surfiice of the 
planet is about 22,240 miles ; it is no less tlmn 33,360 
miles broad, but, by the estimation of Sir John Herscfael, 
its thickness does not much exceed 100 miles, so that it 
appears like a plane. By the laws of mechanics, it is 
impossible that this body can retain its position by the 
adhesion of its particles alone. It must 'necessarily 
revolve with a velocity that will generate a centrifugal 
force sufficient to balance the attraction of Saturn. Ob- 
servation confirms the truth of these principles, showing 
that the rings rotate from west to east ab<mt the planet 
in ton hours and a half, which is nearly the time a satel- 
lite would take to revolve about Saturn at the same dis- 
tance. Their plane is inclined to the ecliptic, at an 
angle of 28*^ 10' 44''*5 ; in consequence of this obliquity 
of position, they always appear elliptical to us, but with 
an eccentricity so variable as even to be occasionally like 
a straight line drawn across the planet. In the begin- 
ning of October, 1832, the plane of the rings passed 
through the center of the earth ; in that position they 
are only visible with very superior instruments, and 
appear like a fine line across the disc of Saturn. About 
the middle of December, in the same year, the noga 
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liecame visible with ordioaiy instrnments, on ftc^oont of 
their plane passing through the snn. In the end of 
April, 1833, the rings vanished a second time, and re* 
appeared in June of tiiat year. Shnilar phenomena 
will occur in 1847, and generally as often as Saturn has 
the same longitude with either node of his rings. Each 
side of these rings has alternately fifteen years of sua« 
shine and fifteen years of darkness. A dark hue has 
been seen in the outer ring, supposed to indkate a sub- 
division. 

It is a singular result of theory that the rings could 
not maintain their stability of rotation if they were 
everywhere of uniform thickness ; for the smallest dis- 
turbance would destroy the equilibrium, which would 
become more and more deranged, till at last they would 
be precipitated on the surface of the planet. The rings 
of Saturn must^ therefore, be irregular solids of unequal 
breadth in different parts of the circumference, so that 
their centers of gravity do not coincide with the centers 
of their figures. Professor Struve has also discovered 
that the center of the ring is not concentric with the 
center of Saturn. The interval between the outer edge 
of the globe of the pli^net and the outer edge of the ring 
on one side is ll''*272, and on the other side the inter-* 
val is ll''*390, consequently there is an eccentricity of 
the globe in the ring of 0''*215. If the rings obeyed 
different forces they would not remain in the same 
plane; but the powerful attraction of Saturn always 
maintains them and his satellites in the plane of his 
equator. The rings, by their mutual action, and that 
of the sun and sateUites, must oscillate about the center 
of Saturn, and produce phenomena of light and shadow 
whose periods extend to many years. According to M. 
Bessel the mass of Saturn's ring is equal to the j\^ patt 
of that of the planet. 

The periods of rotation of the moon and tibe other 
satellites are equal to the times of their revolutions; 
consequently these bodies always turn the same &ce to 
their primaries. However, as the mean motion of the 
moon is subject to a secular inequality which wiQ ulti- 
mately amount to nmny circumferences (N. 107), if the 
]»tation of the moon were perfectl)* uniform atid mft 
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■ffeetod by tiie same inequalities, it would cease exactly 
to counterbalance the motion of revolution ; and tiie 
moon, in the conrae of ages, would successively and 
gradually discover every point of her surface to the 
earth. But theory proves that this never can happen ; 
for the rotation of the moon, though it does not partake 
of the periodic inequalities of her revolution, is affected 
by the same secular variations, so that her tnotions of 
rotation and revolution round the eartih will always 
balance each other and remain equal. This circum- 
stance arises from the form of the lunar spheroid, which 
has three principal axes of different lengths at right 
angles to each other. 

The moon is flattened at her poles from her centri- 
fugal force ; therefore her polar axis is the least. The 
other two are in the plane of her equator ; but that 
directed toward the earth is the greatest (N. 139). The 
attraction of the earth, as if it luid drawn out that part 
of the moon's equator, constantly brings the greatest 
axis, and, consequently, the same hemisphere, toward 
us, which nmkes her rotation participate in the secular 
variations of her mean motion of revolution. Even if 
the angular velocities of rotation and revolution had not 
been nicely balanced in the beginning of the moon's 
motion, the attraction of the earth would have recalled 
the greatest axis to the direction of the line joining the 
centers of the moon and earth, so that it would have 
vibrated on each side of that line in the same manner as 
a pendulum oscillates on each side of the vertical from 
the influence of gravitation. No such Ubration is per- 
ceptible ; and, as the smallest disturbance would make 
it evident, it is clear that, if the moon has ever been 
touched by a comet, the mass of the latter must have 
been extremely small. If it had been only the hundred 
thousandth part of that of the eaith, it would have ren- 
dered the libration sensible. According to analysis, a 
similar libration exists in the motions of Jupiter's satel- 
lites, which still remains insensible to observation, and 
yet the comet of 1770 passed twice through the midst 
of them. 

The moon, it is true, is liable to librations dependmg 
opon the position of the spectator. At her rising, part 
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cf the western edge of her dbc is visible, which is in- 
visible at her setting,, and the contrary takes place with 
regard to her eastern edge. There are also librations 
arising from the relative positions of the earth and 
moon in their respective orbits ; but as they are ooly 
optical appearances, one hemisphere wiU be eternally 
concealed from the earth. For the same reason, the 
earth, which mast be so splendid an object to one lunar 
hemisphere, will be forever veiled from the other. On 
account of these circumstances, the remoter hemi- 
sphere of l^e moon has its day a fortnight long, and a 
night of the same dinration, not even enlightened by a 
moon, while the favored side is illuminated by the re- 
flection of the earth during its long night. A planet 
exhibiting a surface thirteen times larger than timt of 
the moon, with all the varieties of clouds, land, and 
water coming successively into view, must be a splen- 
did object to a lunar traveler in a journey to his an- 
tipodes. The great height of the lunar mountains prob- 
ably has a considerable influence on the phenomena of 
her motion, the more so as her compression is small, 
and her mass considerable. In the curve passing 
through the poles, and that diameter of the moon which 
always points to the earth, nature has furnished a per- 
manent meridian, to which the different spots on her 
surface have been referred, and thei]* positions are de- 
termined with as much accuracy as those of many of 
the most remarkable places on the surface of our globe. 
The distance and minuteness of Jupitei's satellites 
render it extremely difficult to ascertain their rotation. 
It was, howetrer, accomplished by Sir William Herschel 
from their relative brightness. He observed that they 
alternately exceeded each other in brilliancy, and, by 
comparing the maxima and minima of their iUumination 
with their positions relatively to the sun and to their 
primaty, he found that like the moon the time of their 
rotation is equal to the period of their revolutibn about 
Jupiter. Miraldi was led to the same conclusion with 
regard to the fourth satellite, from the motion of a spot 
on its sur&ce. 
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Section X. 

Rotation of th* Earth inrariable — DeereaM in the Earth's Mtaa Tempera- 
tare— Earth originally in a State of Fneion — ^Length <^ Dar constant— 
Decrease of Tempentare aM^ibed by Sir John Henchel to the Taiiatioa 
in the Eooentricity of the Terrestrial Orbit — DiArence in the Tempera- 
tare of the Two Hemispheres, erroneously ascribed to ths Excess in tha 
Length 6f Sprinr and Summer in Ibe Southern Hemis|rfiers ; attributed 
by Mr. Lyell to Uie Operation of existing Caases — ^Three Prineinal Axaa 
of Rotation— Position of the Axis of Rotation dk the Surfiw^e of tne Earth 
foTariable— Ocean not sufficient to restore the Equilibrium of the Earth 
if deranged— Its Density and Mean Depth— biteraal Struetnra of tha 
Earth. 

The rotatioD of the earth, which detemunee the length 
of tiie day, may be regarded as one of the most import^ 
ADt elements in the system of the world. It serves as 
a measure of time, and forms the standard of com- 
parison for the revolutions of the celestial bodies, which 
>y their proportional increase w decrease would soon 
disclose any changes it might sustain. Theory and 
observation concur in proving that among the innumer- 
able vicissitudes which prevail throu^out creation, the 
period of the earth's diurnal rotation is immutable. 
The water of rivers, falling from a higher to a lower 
level, carries with it the velocity due to its revolution 
with the earth at a greater distance from the center ; it 
will therefore accelerate, although to an almost infinites- 
imal extent, the earth's daily rotation. The sum of aU 
these increments of velocity arising from the descent of 
all the rivers on the earth's surface would in time be- 
come perceptible, did not nature by the process of evap- 
oration raise the waters back to their sources ; and thus, 
by again removing matter to a greater distance from 
the center, destroy the velocity generated by its pre- 
vious approach ; so that the descent of rivers does nol 
aifect the earth's rotation. Enormous masses projected 
by vokanos from the equator to the poles, and the con- 
trary, would indeed affect it, but there is no evidence of 
such convulsions. The disturbing action of the mocm 
and planets, which has so powerful an effect on the 
revolution of the earth, in no way influences its rota- 
tion. The constant friction of the trade-winds on the 
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iiKWi]|»D» and continents between the tropics does not 
impede its velocity, which theory even proves to be the 
same as if the sea together vnth the earth formed one 
sofid mass. But altSongh these circumstances be in- 
sufficient, a variation in the mean temperature would 
certainly occasion a corresponding change in the velocity 
of rotation. In the science of dynamics it is a principle 
in a system of bodies or of particles revolving about a 
fixed center, that the momentum or sum of the pro- 
ducts of the mass of each into its angular velocity and 
distance ft&m the center is a constant quantity, if the 
^rntem be not deranged by a foreign cause. Now since 
toe number of particles in the system is the same wlmt- 
ever its temperature may be, when their distances from 
the center are diminished thebr angular velocity must 
be increased, in order that the preceding quantity may 
stiB remain constant. It follows then that as the primi- 
tive momentum of rotation with which the earth was 
projecfed into space must necessarily remain the same, 
the sraEallest decrease in heat by contracting the terres- 
trial sphermd v^uld accelerate its rotation-, and ooose* 
quently diminish the length of the day. Notwithstand- 
ing the constant accession of heat from the sun's rays^ 
geologists have been induced to believe from the fossil 
remains, that the mean temperature of the globe is de- 
creasing. 

The high temperature of mines, hot springs, and 
above all &e internal fires which have produced and do 
stall occanon such devastation on our planet, indicate an 
adgmentatioii of heat toward its center. The increase 
of donsity corresponding to the depth and the form of 
the spherokl being what theory assigns to a fluid mass 
in rotation, concurs to induce the idea that the tempera- 
tore of the earth was originally so high as to reduce all 
tibe substances of which it is composed to a state of 
fusion or of vapor, and that in the ccmrse of ages it has 
cooled down to its present state ; that it is still becoming 
colder, and that it vnll continue to do so till the whole 
mass arrives at the temperature of the medium in 
V^ich it is placed, or rather at a state of equilibrium 
between this temperature, the cooling power of its own 
radiation, and the heating effect of ike son's rays 
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Previoas to the formation of ice at the poles, tlie 
ancient lands of northern latitudes might no doubt have 
been capable of producing those tropical plants pre* 
served in the coal-measures, if indeed such plants could 
flourish without the intense light of a tropical sun. But 
even if the decreasing temperature of the earth be 
sufficient to produce l^e observed effects, it must be 
extremely slow in its operation ; for in consequence of 
the rotation of the earth being a measure of the periods 
of the celestial motions, it has been proved that if the 
length of the day had decreased by the three-thou- 
sandth pert of a second since the observations of Hippar- 
chus two thousand years ago, it would have diminished 
the secular equation of the moon by 4''*4. It is there- 
fore beyond a doubt that the mean temperature of the 
earth cannot have sensibly varied during that time. If 
then the appearances exhibited by the strata are really 
owing to a decrease of intornal temperature, it either 
shows the immense periods requisite to produce geo- 
logical changes, to which two thousand years are as 
nothing, or that the mean temperature of tibe earth had 
arrived at a state of equilibrium before these observa- 
tions. 

However strong the incHcations of the primitive 
fluidity of the earth, as there is no direct proof of it, 
the hypothesis can only be regarded as very probable. 
But one of the most profound philosophers and elegant 
writers of modem times has found in the secular varia- 
tion of the eccentricity of the terrestrial orbit an evident 
cause of decreasing temperature. That accomplished 
author, in pointing out the mutual dependencies of phe- 
nomena, says, ** It is evident that the mean temperature 
of the whole surface of the ^obe, in so far as it is main- 
tained by the action of the sun at a higher degree than 
it would have were the sun extinguished, must depend 
on the mean quantity of the sun's rays which it re- 
ceives, or — which comes to the same thing — on the 
total quantity received in a given invariable time ; and 
the length of the year being unchangeable in all the 
fluctuations of the planetary system, it follows that the 
total amount of solar radiation will determine, aeteris 
paribus^ the general climate of the earth. Now, it is 


flBor. X DECREASE OF TEMPEBATUJUl 69 

not difficult to show that this amount is invensely pro- 
portional to the minor axis of the ellipse described by 
the earth about the sun (N. 140), regarded as slow^ 
variable ; and that, therefore, the major axis remainmg, 
«s. we know it to be constant, and the orbit being actu- 
^ly in a state of approach to a circle, and consequently 
the minor axis being on the increase, the mean anniud 
amount of solar radiation received by the whole earth 
must be actually on the decrease, we have therefore 
an evident real cause to account for the phenomenon.^ 
The limits of the variation in the eccentricity of the 
earth^s orbit are unknown. But if its ellipticity has 
ever been as great as that of the orbit of Mercury or 
Pallas, the mean temperature of the earth must have 
been sensibly higher than it is at present Whether it 
was great enough to render our northern climates fit 
for the production of tropical plants, and for the resi- 
dence of the elephant and other animals now inhabitants 
of the torrid zone, it is impossible to say. 

Of the decrease in temperatmre of the northern 
hemisphere there is abundant evidence in the fossil 
plants discovered in very high latitudes, which could 
only have existed in a tropical cUmate, and which must 
have grown near the spot where they are found, from 
the delicacy of their structure and the perfect state of 
their preservation. This change of temperature has 
been erroneously ascribed to an excess in the duration 
of spring and sununer in the northern hemisphere, in 
consequence of the eccentricity of the solar ellipse. 
The length of the seasons varies with the position of 
the perihelion (N. 64) of the earth's orbit for two 
reasons. On account of the eccentricity, small as it is, 
any line passing through the center of the sun divides 
the terrestrial ellipse into two unequal parts, and by the 
laws of elliptical motion the earth moves throng diese 
two portions with unequal velocities. The perihelion 
always lies in the smaller portion, and there the earth's 
motion is the most rapid. In the present position of 
the perihelion, spring and summer north of the equator 
exceed by about eight days .the duration of the same 
seasons south of it. And 10,492 years ago the southern 
hemisphere enjoyed the advantage we now possess 
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from tke secular yamtion of tlie perihelion. Yet Sir 
John Henchel has shown that by tnis alteration neither 
hemisphere acquires any excess of light or heat above 
the otiier ; lor aithongh the earth is nearer to the sun 
while moving through that part of its orbit in which the 
perihelion lies than in the other pert, and consequently 
receives a greater quantity of light and heat, yet as it 
moves faster it is exposed to Sie heat for a shorter 
time. In the other part of the orbit, on the contrary, 
the earth being farther firom the sun receives fewer of 
his rays, but fattcause its motion is slower it is exposed 
to them for a longer time. And as in both cases the 
quantity of heat and the angular velocity vary exactly in 
Uke same proportion, a perfect compensation takes place 
(N. 141). So that the eccentricity of the earth's orbit 
has httle or no effect on the temperature corresponding 
to the difference of the seasons. 

Mr. Lyell, in his excellent work on Geology, refers 
the increased cold of the northern hemisphere to the 
operation of existing causes, with more probability than 
most theories that have been advanced in solution ot 
this difficult subject. The loftiest mountains would be 
represented by a grain of sand on a globe six feet in 
diameter, and the depth of the ocean by a scratch on 
its surface. Consequently the gradual elevation of a 
coutinent or chain of mountains above the sarface of the 
ocean, or their depression below it, is no very great 
event compared with the magnitude of the earth, and 
the energy of its subterranean fires, if the same periods 
of time be admitted in the progress of geolo^cal as in 
astronomical phenomena, which the successive and va- 
rious races of extinct beings show to have been immense. 
Climate is always more intense in the interior of cou- 
tinents than in islands or sea-coasts. An increase ot 
land within the tropics would therefore augment the 
general heat, and an increase in the temperate and 
Srigid zones would render the cold more severe. Now 
it appears that most of the European, North Asiatic, 
and North American continents and islands were raised 
from the deep after the coal-measures were formed in 
which the fossil tropical plants are found ; and a variety 
of geological facts indicate the existence of an ancient 
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vbd exteasbe archipelago throughout the greater part 
of the northern hemisphere. Mr. L jell is therefore of 
opinion that the climate of these islands must have 
been sufficiently mild in consequence of the surrounding 
ocean to clothe them with tropical plants, and render 
them a fit abode for the huge animals whose fossil 
remains are so often found. That the arborescent ferns 
and the palix^s of these regions, carried bj streams to 
the bottom of the ocean, were imbedded in the strata 
which were by degrees heaved up by the subterranean 
fires during a long succession of ^es, till the greater 
part of the northern hemisphere became dry land as it 
now is, and that the consequence has been a continual 
decrease of temperature. 

It is evident from the marine shells found on the tops 
of the highest mountains and in almost every part ef 
the globe, tiiat immense continents have been elevated 
above die ocean, which must have ingulfed others. 
Such a catastrophe would be occasioned by a variation 
in the position of the axis of rotation on the surface of 
the earlh ; for the seas tending to a new equator would 
leave some portions of the globe and overwhelm others. 
Now, it is found by the laws of mechanics that in eveiy 
body, be its form or density what it may, there are at 
least three axes at right angles to each other, round 
any one of which, if the solid begins to rotate, it win 
continue to revolve forever, provided it be not disturbed 
by a foreign cause, but tbaX the rotation about any 
other axis wiH only be for an instant, and consequent^ 
the poles or extremities of the instantaneous axis of 
rotation would perpetually change their position on the 
surface of the body. In an ellipsoid of revolution the 
polar diameter and every diameter in the plane of the 
equator are the only permanent axes of rotation (N. 
142). Hence if the ellipsoid wwe to begin to revolve 
about any diameter between the pole and tiie equator, 
the motion would be so unstable that the axis of rota- 
tion and the position of the poles would change eyery 
instant. Therefore as the earth does not differ mud^ 
from ^is figure, if it did not turn round one of its prin- 
cipal axes, the position of the poles would change daily; 
t^he equator, which is 90^ distant, would undergo cor- 
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respondiiiE variatioDS ; and the geographical latatodes ef 
all places being estimated from the equator, assumed to 
be fixed, would be perpetually changiog. A displace- 
ment in the position of the poles of only two hundred 
miles would be sufficient to produce these effects, and 
would immediately be detected. But as the latitudes 
are found to be inyanable, it may be concluded that the 
terrestrial spheroid must have revolved about the same 
axis for ages. The earth and planets differ so little 
from ellipsoids of revolution, that in all probability any 
tibration from one axis to unother produced by the 
primitive impulse which put them in motion, most have 
ceased soon after their creation from the friction of the 
fluids at their surface. 

Theory also proves that neitlier nutation, precession, 
nor any of the disturlung forces that affect the system, 
have the smallest influence on the axis of rotation, whi<^ 
maintains a permanent position on the surface, if the 
earth be not disturbed in its rotation by a foreign cause, 
as the collision of a comet, which might have happened 
in the immensity of time. But bad that been the case, 
its efiects would still have been perceptible in the varia- 
tions of the geographical latitudes. If we suppose that 
such an event had taken place, and that the disturbance 
had been very great, equilibrium could then only have 
been restored with regard to a new axis of rotation by 
the rushing of the seas to the new equator, which they 
must have continued to do till the surface was #?ery- 
where perpendicular to the direction of gravity. But it 
is probable that such an accumulation of the waters 
would not be sufficient to restore equilibrium if the de- 
rangement had been great, for the mean density of the 
sea is only about a fifth part of the mean density of the 
earth, and the mean depth of the Pacific Ocean- is sup- 
posed not to be more than four or five miles, whereas 
the equatorial diameter of the earth exceeds the polsr 
diameter by about 26^ miles. Consequently the influ- 
ence of the sea on the direction of gravity is very small. 
And as it thus appears that a great change in the posi- 
tion of tixe axis is incompatible with the kw of equilib- 
rium, the geological phenomena in question must be 
ascribed to an internal cause. Indeed it is now demon- 
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Btnted that tlie strata containing marine dilnvia which 
ore in -lofty sitoations, must have been formed at Ihe 
bottom of the ocean and afterward upheaved by the 
action of subterraneous fires. Besides, it is clear from 
the mensuration of l^e ares of the meridian and the 
length of the seconds' pendulum, as well as from the 
lunar theory, that the internal strata and also the exter^^ 
nal outline of the globe are elliptical, their centers being 
coincident and their axes identical with that of the sur- 
face — a state of things which, according to the distin- 
guished author kte^ quoted, is incompatible with a 
subsequent accommodation of the surfieuse to a new and 
different state of rotation from that which determined 
the original distribution of the component matter. Thus 
amid the mighty revolutions which have swept innumer- 
able races of organized beings from the earth, which 
have elevated plains and buried mountains in the ocean, 
the rotation of the earth and the position of the axis on 
its surface have imdergone but slight variations. 

The strata of the teirestrial spheroid are not only 
concentric and elliptical, but the lunar inequalities show 
that they increase in density from the surface of the 
earth to its center. This would certainly have happened 
if the earth had.originally been fluid, for the denser parts 
must have subsided toward the center as it approached 
a state of equilibrium. But the enormous pressure of 
the superincumbent mass is a sufficient cause for the 
phenomenon. Professor Leslie observes that air com- 
pressed into the fiftieth part of its volume has its elas- 
ticity fifty times augmented. If it continues to contract 
at that rate, it wotUd, from its own incumbent vreight, 
acquire the density of water at the depth of thirty-rour 
miles. But water itself would have its density doubled 
at the depth of ninety-three miles, and would even at- 
tain the density of quicksilver at a depth of 362 miles. 
Descending therefore toward the center through nearly 
4000 miles, the condensation of ordinary substances 
would surpass the utmost powers of conception. J>r. 
Young says that steel would be compressed into one- 
fourth and stone into one-eighth of its bulk at the earth's 
center. However, we are yet ignorant of the laws ot 
compression of soUd bodies beyond a certain limit ; from 
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the experiments of Mr. P^rkws iktij appaw to bo eft* 
fNible of a greater degree of compreflsion than has gen- 
erally been imagined. 

But a density so extreme is not borne oat by astro- 
nomical observation. It mig^t seem to foyow* there- 
fore, that our planet must have a widely oavemoiis 
struetore, and tliat we tread on a crust or shell whose 
thickness bears a very small proportion to the diameter 
of its sphere. Possibly, too, this great condensation at 
the central regions may be counterbalanced by the in- 
creased oiastieitv due to a very elevated temperatora. 


Section XL 

PNOMiion and Nntetion— Their Efivctt on ib» Avpanat PImm of tk« 

Fixed StaxB. 

It has been shown that the axis of rotation is invari- 
sble on the surface of the earth ; and observation as well 
as theory prove that were it not to the action of the 
sun and moon on the matter at the equator, it would 
remain exactly parallel to itself in every point of its orbit. 

The attraction of an external body not onty draws a 
ppheroid toward it, but as the force vuries inverse^ as 
r'ae square of the distance, it gives it a motion about its 
. 9nter of gravity, unless when the attracting body is sit- 
lated in the prolongation of one of the axes of the sphe- 
noid. The plane of the equator is inclined to the plane 
jf the ecliptic at an angle of 23° 27' 34''*69 ; and the 
nclination of tlie lunar orbit to the same is 5° 8' 47"*9. 
OonsequentJy, from the oblate figure of the earth, the 
tun and moon acting obliquely ai^ unequally on the dif- 
ferent parts of the terrestrial spheroid, urge the plane 
of the equator from its direction and force it to move 
from east to west, so that the equinoctial points have a 
slow retrograde motion on the plane of the ecliptic, of 
50'''41 annually. The direct tendency of this action is 
to make the planes of the equator and ediptic coincide, 
but it is balanced by the tendency of the earth to return 
to stable rotation about the polar diameter, which is one 
of its principal axes of rotation. Therefore the inclina- 
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tion of the two pkuies lemaina oenstant, at a top mptm* 
DiDg preserres the same inchnatioD to the pkne of the 
horizon. Were the earth spherical, this effect would 
not be produced, and th& eqainoses would always cor- 
respond wi^ the same pomts of the eehptic, at least as 
far as this kind of motion is concerned. But another 
and totaUy deferent cause which operates on this motion 
has already been mentioned. The action of the planets 
on one another and on the sun occasions a Teiy slowva^ 
nation in the position of the plane of the ecliptic, whidi 
affects its inclination to the plape of the equator, and 
gives the equinoctial points a slow but direct motion on 
tiie ecliptic of C*31 annually, which is entirely inde- 
pendent of the figure of the earth, and would be the 
same if it were a sphere. Thus the sun and moon, by 
moving the plane of the equator, cause the equinoctial 
points to retrograde on the ecliptic ; and the planets by 
moving the plane of the ecliptic give them a direct mo« 
tion, though much less than the former. Consequenthr 
the difference of the two is the mean precession, which 
is proved both by theory and observation to be about 
50"*! annuaUy (N. 143). 

As the longitudes of all the fixed stars are increased 
by this quantity, the effects of precession are soon de* 
tected. It was accordingly discovwed by Hipparehns 
in the year 128 before Christ, from a comparison of his 
own observations with those of Timocharis 155 years 
before. In the time of Hipparchus, the entrance of the 
sun into the constellation Aries was the beginning of 
spring, but since that time the equinoctial points Imve 
receded 30®, so that the consteBations called the signs 
of the zodiac are now at a considerable distance from 
those divisions of the ecliptic which bear their names^ 
Moving at the rate of 50'H annually, the equinoctial 
points will accomplish a revolution in 25,868 years. 
But as.the precession varies in different centuries the 
extent of this period will be slightly modified. Since 
the motion of tixe sun is direct, smd tiiat of the equinoe* 
tial points retrograde, he takes a diorter time to return 
to the equator tiian to arrive at the same stars ; so that 
the tropical year of 365"^ 5^ 48'° 49*«7 must be increased 
by the time he takes to move throng an arc of 5(y**l; 
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in order to have tlie length of tiie sidereal year. The 
time required w 20" 19*-6, so that the sidereal year con- 
tains 36d'' 6^ 9<" 9*-6 mean solar days. 

The mean annual precession is subject to a secular 
variation ; to although the change in the plane of the 
ecliptic in which the orbit of the sun lies be independent 
of the form of the earth, yet by bringing the sun, moon, 
and earth into different relative positions from age to 
age, it alters the direct action of the two first on the 
prominent matter at ■ the equator : on this account the 
motion of the equinox is greater, by 0''-455 now than it 
was in the time of Hipparcbus. Consequently the ac- 
tual length of the tropical year is about 4**21 diorter 
than it was at that time. The utmost change that it 
can experience from this cause amounts to 43 seconds. 

Such is the secular motion of the equinoxes. But it 
is sometimes increased and sometimes diminished by 
periodic variations, whose periods depend upon the 
relative portions of the sun and moon with regai*d to 
the earth, and which ore occasioned by the durect ac- 
tion of these bodies on the equator. Dr. Bradley discov- 
ered that by this action the moon causes tlie pole of the 
equattH* to describe a small ellipse in the heavens, the 
axes of which are 18''*5 and 13''*674, the longer being 
directed toward the pole of the ecliptic. The period 
of this inequality is about 19 years, the time employed 
by the nodes of the lunar orbit to accomplish a revolu- 
tion. The sun causes a small variation in the descrip 
tion of this ellipse ; it runs through its period in half a 
year. Since the whole earth obeys these motions they 
aifect the position of its axis of rotation with regard to 
the starry heavens, though not with regard to the sur 
face of the earth; for in consequence of precession 
alone the pole of the equator moves in a circle round 
the pole of the ecliptic in 25,868 years, and by nutation 
alone it describes a small ellipse in the heavens every 
19 years on each side of which it deviates every haU 
year from the action of the sun. The real curve traced 
in the starry heavens by the imaginary jn^olongation o\ 
the eartii^s axis is compounded of these three motions 
(N. 144). This nutataou in the earth's axis affects botl^ 
the precession and obliquity with small periodic vana 
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tioDs. But in conseqneace of the secular variation in 
the position of the terrestrial orbit, 'which is chiefly 
owing to the disturbing energy of Jupiter on the earth, 
the obliquity of the ecliptic is annually diminished, ac- 
cording to M. Bessel, by 0"'457. This variation in the 
course of ages may amount to 10 or 11 degrees ; but the 
obliquity of the ecfiptic to the equator can never vary 
more than 2^ 42" or 3°, since the equator will follow in 
some measure the motion of the ecliptic. 

It is evident that the places of all the celestial bodies 
are affected by precession and nutation. Their longi- 
tudes estimated from the equinox are augmented by 
precession ; but as it effects all the bodies equally, it 
makes no change in their relative positions, ooth the 
celestial latitudes and longitudes are altered to a small 
degree by nutation; hence all observations must be 
corrected for these inequalities. In consequence of this 
real motion in the earth's axis the pole star, forming 
part of the constellation of the Little Bear, which was 
formerly 12° from the celestial pole, is now within 1^ 24' 
of it, and will continue to approach it tiU it is within 1°, 
after which it will retreat from the pole for ages ; and 
12,934 years hence the star a Lyras will come withiil 
5*^ of the celestial pole, and become the polar star of 
the northern hemisphere. 


Section XII. 

iffeaa and Apparent Sidereal Time — Mean and Apparent Solar Time — 
Equation of Time — English and French Subdivirions of Time — Leap 
Ifear — Christian Era — Equinoctial Time— Remarkable Eras dependingr 
npon the Position of the Solar Perigee — Ineq.aality of the Lengths of 
the Seasons in the two Hemispheres — ^Application of Astronomy to Chro- 
nologj— English and French Standards of Weights and Measures. 

AsTRONOMT has been of immediate and essential use 
in affording invariable standards for measuring duration, 
distance, magnitude, and velocity. The mean . sid^'eal 
day measured by the time elapsed between two consec- 
utive transits cf any star at the same meridian, and the 
mean sidereal year, which is tiie time included between 
two consecutive returns of the sun to the same star, 
are immutable units with which all great periods ot 

g2 


I 


76 8QLAE TIMB. Ban. XXL 

time are compared ; the oecilktiooB of the iaochronooe 
^ndulum measure its smaller portions. By these in- 
variable standards alone we can judge of the dow 
changes that other elements of the system may have 
undergone. Apparent sidereal time, which is measured 
by the transit of the equinoctial point at the meridian of 
any place, is a variable quantity, from the effects of 
precession and nutation. Clocks showing apparent 
sidereal time are employed for observation, and are so 
regulated that they indicate O** Qi" O^* at the instant the 
equinoctial point passes the meridian of the observatory. 
And as time .is a measure of angular motion, the clock 
gives the distances of the heavenly bodies from tlie 
equinox by observing the instant at which each passes 
the meridiany and converting the interval into arcs at the 
rate of 15° to an hour. 

The returns of the sun to the meridian and to the 
same equinox or solstice, have been universally adopted 
as the measure of our civil days and years. The solar 
or sstronomical day is the time that elapses between 
two consecutive nocms or midnights. It is consequently 
longer than the sidereal day, on account of the proper 
motaon of the sun during a revolution of the celestial 
sphere. But as the sun moves with greater rapidity at 
the winter than at the summer solstice, the astronomi* 
cal day is more nearly equal to the sidereal day in sum- 
mer tlian in winter. The obliquity of the ecliptic also 
affects -its duration; for near die equinoxes the arc of 
the equator is less than the corresponding arc of the 
ecliptic, and in the solstices it is greater (N. 145). The 
astronomical day is therefore diminished in me first 
case, and increased in the second. If the sun moved 
uniformly in the equator at the rate of 59' 8"'33 every 
day, the solar days would be all equal. The time there- 
fore which is reckoned by the arrival of an imaginary 
sun at the meridian, or of one which is supposed to 
move tmiformly in die equator, is denominated mean 
solar time, such as is given by clocks and watches in 
common life. When it is reckoned by the arrival of the 
real sun at the meridian it is apparent time, such as is 
given by dials. The difference between the time shown 
by a clock and a dial is the equation of time s^ven in 
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th« Nauticpl Almanac, somethnes fsoaontiting to as mudi 
aa sixteen n^utea. The apparent and mean time eoin- 
cide fovr times in the year ; when the son's daify mo- 
tion in i^it ascension is equal to 59' 8''*33 in a mean 
M>lar day, which happens aboat the 16th of AprU, the 
16th of June, the 1st of September, and the 25lii of 
December. 

The astronomical day begins at noon, but in common 
reckoning the day begins at midnight. In £n^nd it is 
divided into twenty-four hours, which are counted by 
twehreand twehre ; but in France astronomers, adoptmg 
the decimal division, divide the day into ten hours, the 
hour into one hundred minutes, and the minute into a 
hundred seconds, because of the facility in computation, 
and in conformity with their decimal sjrstem of weights 
and measures. This subdivision is not now used in 
common life, nor has it been adopted in any other ' 
country ; and although some scientific writers in France, 
still employ that division of time, the custom is beginr 
ning to wear out. At one period during the French 
revolution, the clock in the gs^ens of the Tuileries vras 
regulated to show decimal time. The mean length of 
the day, though accurately determined, is not sufficient 
for the purposes either of astronomy or civil life. The 
tropical or civil year of 565<* 5»» 48« 49»*7, which is the 
time elapsed between the consecutive returns of the sun 
to the mean equinoxes or solstices, including all &e 
changes of the seasons, is a natural cycle peculiariy 
suited for a measure of duration. It is estimated from 
the vnnter solstice, the middle of the long annual night 
under the north pole. But althou^ the length <^ 3ie 
civil year is pointed out by nature as a measure of long 
periods, tiie incommensurability that exists between the 
length of the day and the revolution of the sun, renders 
it (hflicolt to adjust the estimation of both in whole num- 
bers. If the revolution of the sun were accomplished 
in 366 days, all the years would be of precisely the same 
number of dayv, and would begin and end with the sun 
at the same point of the ecliptic. But as the sun's revo* 
lutiou includes the fraction of a day, a civil year and a 
revolution of the sun have not the same duration.^ Since 
the fraction is nearly the fourth of a day, in four years 
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it 10 neariy eqpial to a revoliition of the rant ao Uiat the 
additioa of a siipeniumeraiy day eveiy fourth year 
neaiiy compensates the difference. But in proceas of 
time further correcticm will be necessary, because the 
ihicti<m is less than the fourth of a day. In fact, if a 
bissextile be suppressed at the end of three out of four 
centuries, the year so determined will only exceed the 
true year by an extremely small fraction of a day ; and 
if in addition to this a bissextile be suppressed evezy 
4000 years, the length of the year will be nearly equal 
to that given by observation. Were the fraction neg- 
lected, the beginning of the year would iN*ecede that of 
the tropical year, so that it would retn^rade through 
the different seaspns in a period of about 1507 years. 
The Egyptian year began with the heliacal rising of 
Sirius, and contained only 365 days, by which they lost 
one year in every 1461 years, their Sothaic period, or that 
cycle in which the heliacal riung of Sirius passes through 
me whole year and takes place again on the same day. 
The commencement of that cycle is placed by ancient 
chrcmologists in the year 1322 before die Christian era. 
The division of the year into months is very old and almost 
universal. But the period of seven da3r8, by far the 
most permanent division of time, and the most ancient 
monument of astronomical knowledge, was used by the 
Brahmins in India vnth the same denominations em- 
ployed by us, and was alike found in the calendars of tihe 
Jews, Egyptians, Arabs, and Assyrians. It has survived 
the fall of empires, and has existed among all successive 
generations, a proof of their common origin. 

The day of the new moon immediately following the 
winter soktice in the 707th year of Rome, was made the 
1st of January of the first year of Julius Caesar. The 
25th of December of his forty-fifth year is considered as 
the date of Christ's nativity ; and the forty-sixth year of 
the Julian Calendar is assumed to be the first of our 
era. The preceding year is called the first year before 
Christ by chronologists, but by astronomers it is called 
the year 0. The astronomical year begins on the 31st 
of December at noon ; and the date of an observation 
expresses the days and hours which have actually ehtpsed 
since that time. 
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Since ttoiar imd sidereal t^me are estimated from the 
passage of &e sun and the eqninoetial pmnt across the 
mericuan of each j^ace, the hours are different at differ- 
ent places : while it is one o^clock at one place it is two 
at another, three at anbdier, dec. ; for it is obvious diat 
it is noon at one part of tiie globe, at the same moment 
that it is midnight at another diametrically opposite to it; 
ccmseqoentiy an event which happens at one and the 
same instant of absolute time is recorded at different 
^aces, as having happened at different times. There- 
rore, vHben observations made at dtHerent places are to 
be compared, they must be reduced by computation to 
what they would have been had they been made under 
the same meridian. To' obviate this, it was proposed by 
Sir John Herschel to empl<^ mean equinoctial time, 
which is the same for all the world, and independent 
aJike of local circumstances and inequalities in the sun's 
motion. It is the time elapsed from the instant the mean 
sun enters the mean vernal equinox, and is reckoned in 
mean solar days and parts of a day. 

Some remarkable astronomical eras are determined by 
the position of the major axis of the solar ellipse, whicn 
depends upon the direct motion of the perigee (N. 102) 
and the precession of the equinoxes conjointiy, tihW 
amrual motion of the one being 1 V*S, and thiat of the 
other 50''*1. Hence the axis, moving at the rate of 
61''-9 annually, accomplishes a tropical ' revolution in 
209*84 years. It coincided vnth the line of the equinoxes 
4000 or 4089 years be£n*e the Christian era, much about 
the time chronotogists assign for the creation of man. In 
6483 the major axis will again coincide wi& liie line of 
the equinoxes ; but then the solar perigee will coincide 
widi the equinox of autunm ; whereas at the creation of 
mair it coincided with tiie vernal equinox. In the year 
124^ the major axis was perpendicular to the line of tiie 
ecpiinoxes; &en the solar perigee coincided with the 
scdstice of summer, and the apogee with the solstice of 
winter. According to La Place, who computed these 
periods from different data, the last coincidence hap- 
pened in the year 1250 of our era, which induced him to 
prqMse that year as a universal epoch, the vernal equi- 
noK of the year 12S0 to be the firat day of the first year. 
6 
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These eras can ooly be regarded as approxiaiato, since 
ancient observations are too inaccurate, and modem ob- 
servations too recent, to afford data for their precise 
determination. 

The yariation in the position of the solar ellipse occa- 
sions corresponding changes in the length of the seasons. 
In its present position spring is shorter than summer, 
and autumn longer than winter; and v^ile the solar 
perigee continues as it now is between the solstice of 
winter and the equinox of spring, the period including 
spring and summer will be Jbnger than that including 
autumn and winter. In this century the difference is 
between seven and eight days. The intervals will be 
equal toward the year 6483, when the perigee will coin- 
cide with the equinox of spring ; but when it passes that 
point, the spring and summer taken together will be 
shorter than the period including the autumn and winter 
(N. ].47). These changes will be accomplished in a 
tropical revolution of the major axis of the earth's orbit, 
which includes an interval of 20,964 years. Were the 
orbit circular, the seasons would be equal ; their differ- 
ence arises £rum the eccentricity of the orbit, small as it 
is ; but the changes are so trifling as to be imperceptible 
in the short span of human life. 

No circumstance in the whole science of astronomy 
excites a deeper interest than its application to chronol- 
ogy. ** Whole nations," says La Place, **have been 
swept from the earth, with their languages, arts, and 
sciences, leaving but confused masses of ruins to mark 
the place where mighty cities stood ; their history with 
the exception of a few doubtful traditions has periled ; 
but the perfection of their astronomical observations 
marks their high antiquity, fixes the periods of their ex- 
istence, and proves that even at that early time they 
must have made considerable progress in science." The 
ancient state of the heavens may now be computed with 

great accuracy ; and by comparing the results of caku- 
tion with ancient observations, the exact period at 
which they were made may be verified if true, or if 
Sailae their error may be detected. If the date be accu- 
rate and the observation good, it will verify the accuracy 
of modem tables, and wUl show to ^^ow many centuries 


BsGT. Xil AUCIBNT A6TBONOMY. 83 

they may be extended without the fear of error. A few 
examples will show the importance of the subject. 

At the solstices the sun is at his greatest distance from 
the equator, consequently his declination at these times 
is equal to the obhquity of the ecliptic (N. 148), which 
was formerly determined from the meridian length of 
the shadow of the stile of a dial on the day of a solstice. 
The lengths of the meridian shadow at the summer and 
winter solstices are recorded to have been observed at 
the city of Layang, in China, 1100 years before the 
Christian era. From these the distances of the sun 
from the zenith (N. 149) of the city of Layang are 
known. Half the sum of these zenith distances de- 
termines the latitude, and half their diiference gives the 
obliquity of the ecliptic at the period of the observation ; 
and as the law of the variatioi) of the obliquity is known, 
both the time and place of the observations have been 
verified by computations from modern tables. Thus 
the Chinese had made some advances in the science of 
astronomy at that eaiiy period. Their whole chronol- 
ogy is founded on the observations of eclipses^ which 
prove the existence of that empire for more ttam 4700 
years. The epoch of the lunar tables of the Indians, 
supposed by BaiUy to be 3000 years before the Chris- 
tian era, was proved by La Place, from the acceleratioQ 
of the moon, not to be more ancient than the time <^ 
Ptolemy, who lived in the second century after it. The 
great inequality of Jupiter and Saturn, whose cycle em- 
braces 918 years, is peculiarly fitted for marking the 
civilization of a people. The Indians had determined 
the mean motions of these two planets in that pert of 
their periods, when the apparent mean motion of Saturn 
was at the slowest, and diat of Jupiter the most rapid. 
The periods in which that happened were 3102 years 
before the Christian era, and the year 1491 after it. 
The returns of comets to their perihelia may possibly 
mark the present state of astronomy to future ages. 

The places of the fixed stars are afifected by &e pre- 
cession of the equinoxes ; and as the law of that varia- 
tion is known, their positions at any time may be com- 
puted. Now Eudoxus, a contemporary of Plato, men- 
tions a star situate in tho pole of the equator, and it ap- 
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pears from computation that te Draconis was not totj 
far from that place about 3000 years ago ; but as it is 
only about 2150 years sioce Eudoxus lived, he must 
have described an anterior state of die heavens, sup- 
posed to be the same that was mentioned by Chiron 
about the time of the siege of Troy. Thus every cir- 
cumstance concurs in showing that astronomy was cul- 
tivated in the highest ages of antiquity. 

It is possible &at a knowledge of astronomy may lead 
to the interpretation of hieroglyphical chuticters. As- 
tronomical signs are often found on the ancient Egyptian 
monuments^ probably employed by the priests to record 
dates. The author had occasion to witness an instance 
<ii this most interesting application of astronomy, in as- 
certiuning the date of a pap3nrus, sent from Egypt by Mr. 
Salt, in the hieroglyphical researches of the late Dr. 
Thomas Young, whose profound and varied acquire- 
ments do honor to his country, and to the age in which 
he lived. The muiuscript was found in a mummy case ; 
it proved to be a horoscope of the age of Ptolemy, and 
its date was determined from the configuration of the 
lieavens at the time of its construction. 

The form of the earth furnishes a standard of weights 
mad measures for the ordinary purposes of life, as well 
m for the determination of the masses and distances of 
the heavenly bodies. The length of the pendulum 
vibrating seconds of mean solar time in the latitude of 
London, forms the standard of the British measure of 
extension. Its approximate length oscillating in vacuo 
at the temperature of 62^ of Fahrenheit, and reduced 
to the level of l&e sea (N. 150), was determined by 
Captain Kater to be 39*1393 inches. The weight of a 
■cubic inch of water at the temperature of 62^ of 
Fahrenheit, barometer 30 inches, was also determined 
ia parts of the imperial troy pound, whence a standard 
ho^ of weight and capacity was deduced. The French 
have adopted the m^tre equal to 3*2806992 English feet 
for their unit of linear measure, which is lire ten-mil- 
lionth part of that quadrant of the meridian (N. 151), 
passing through Formentera and Greenwich, the middle 
of which is neariy in the forty-fiAh degree of latitude, 
fihoukl the national standards of ihp^ tvro countries be 
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lost in the vicissitade of human afiairs, both may ba 
recovered ; since they are derived from natural standards 
presumed to be invariable. The length of the pendu- 
lum would be found again with more facility than the 
metre. But as no measure is mathematically exact, an 
error in the original standard may at length become 
sensible in measuring a great extent, whereas the error 
that must necessarily arise in measuring the quadrant of 
the meridian is rendered totally insensible by subdi- 
vision in taking its ten-millionth part. The French 
have adopted the decimal division, not only in time but 
also in their degrees* weights, and measures, on account 
of the very great facility it affords in computation. It 
has not been adopted by any other people, though 
nothing is more desirable than, that all nations should 
concur in using the same standards, not only on account 
of convenience, but as affording a more definite idea of 
quantity. It is singular that the decimal division of the 
day, of degrees, weights, and measures, was employed 
In China 4000 years ago ; and that at the time Ihn Junis 
.made his observations at Cairo about the year 1000 of 
the Christian era, the Arabs were in the habit of em- 
{^ying the vibrations of the pendulum in their aatn^ 
ncHuical observations as a measure of time. 


Section XIII. 


Tifbi— Fon!«8 iihat prodoee tluin— TKree kind* of Oscillataaau in I3i» Oce«a 
— Tbfi Semjtliurnal Tides— Eqainoctial Tid«8— Eff«cto of tiM Doeliaft- 
tion of the Sun and Moon — Theory intnfficient without Observation- 
Direction of the Tidal Wave—Height of Tides— Mass of Moon obtained 
f^om her Action on the Tides — ^Interference of TJndnlatioa*— ImiioiBir 
bility of a Universal Inundation — Currents. 

One of the most immediate and remarkable effects of 
a gravitating force external to the earth, is the alternate 
rise and fall of the surface of the sea twice in theeoursa 
of a lunar day, or 24'* 50" 28" of meansolar time. As it 
depends upon the action of the sun and moon, it is classed 
among astronomical problems, of which it is by far the 
nv>st difficult and its explanation the least satisfiv^ry. 
The form of the surface of the ocean in equilibrio when 
revolving with the earth round its axis* is an ellipsoid 
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flattened at the poles ; but the action of the 6un and 
moon, especially of the moon, disturbs the equilibrium of 
the ocean. If the moon attracted the center of gravity 
of the earth and all its particles with equal and parallel 
forces, the whole system of the earth and the waters 
that cover it would yield to these forces with a common 
motion, and the equilibrium of the seas would remain 
undisturbed. The difference of the forces and the ine- 
quality of their directions alone disturb the equiKbrium. 

It is proved by daily experience as well as by strict 
mathematical reasoning, that if a number of waves or 
oscillations be excited in a fluid by different forces, each 
pursues its course and has its effect independently of 
the rest. Now in the tides there are three kinds of 
osciUations depending on different causes, and producing 
their effects independently of each other, which may 
therefore be estimated separately. 

The oscillations of the first kind, which are very small, 
are independent of the rotation of the earth ; and as they 
depend upon the motion of the disturbing body in its 
orbit, they are of long periods. The second kind of 
oscillations depends upon the rotation of the earth, 
therefore their period is nearly a day. The oscillations 
of the third kind vary with an angle equal to twice the 
angular rotation of the earth, and consequently happen 
twice in twenty-four hours (N. 152). The first i^ord 
no particular interest, and are extremely small ; but the 
difference of two consecutive tides depends upon the 
second. At the time of tiie solstices, this difference, 
, which ought to be very great according to Newton's 
theory, is hardly sensible on our shores. La Place has 
shown that the discrepancy arises from the depth of the 
sea ; and that if the deptii were uniform, there would 
be no difference in the consecutive tides but that which 
is occasioned by local circumstances. It follows there- 
fore that as this difference is extremely small, the sea 
considered in a large extent must be nearly of uniform 
depth ; that is to say, there is a certain mean depth from 
which the deviation is not great. The mean depth of 
the Pacific Ocean is supposed to be about four or five 
miles, that of the Atiantic only three or four, vdiich, 
however, is mere conjecture. From the formulsp which 
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determine the difference of the consecutive tides, it is 
proved that the precession of the equinoxes, and the 
nutation of the earthvs axis, are the same as if the sea 
formed one solid mass with the earth. 

Oscillations of the third kind are the semidiurnal tides 
so remarkable on our coasts. They are occasioned by 
the combined action of the sun and moon ; but as the 
^ect of each is independent of the other, they may be 
considered separately. 

The particles of water under the moon are more at- 
tracted than the center of gravity of the earth, in the 
inverse ratio of the square of the distances. Hence 
they have a tendency to leave the earth, but are retained 
by dieir gravitation, which is diminished by this tendency. 
On the contrary, the moon attracts the center of the 
earth, more powerfully than she attracts the particles of 
water in the hemisphere opposite to her ; so that the 
earth has a tendency to leave the waters, but is retained 
by gravitation, which is again diminished by this tendency. 
Thus the waters immediately under the moon are drawn 
from the earth, at the same time that the earth is drawn 
from those which are diametrically opposite to her, in 
both instances producing an elevation of the ocean of 
nearly the same height iSkivo the surface of equilibrium; 
for the diminution of the gravitation of the particles in 
each position is almost the same, on account of the dis- 
tance of the moon being great in comparison of the ra- 
dius of the earth. Were the earth entirely covered by 
the sea, the waters thus attracted by the moon would 
assume the form of an oblong spheroid* whose greater 
axis would point tovnird the moon ; since- the columns of 
water under the moon, and in the direction diametrically 
opposite to her, are rendered lighter in consequence of 
the diminution of their gravitation ; and in order to pre- 
serve the equilibrium, the axes 90° distant would be 
shortened. The elevation, on account of the smaller 
space to which it is confined, is twice as great as the 
depression ; because the contents of the spheroid always 
remain the same. If the waters were capable of assum- 
ing the form of equilibrium instantaneously, that is the 
form of the spheroid, its summit would always point to 
the moon notwithstanding the earth's rotaMon But op 
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account of their reswtaoce, the rapid tnotioD prodiieed 
in thera by rotation prevents them from assuming at 
every instant the fiHrm which the equilibrium of the 
forces acting upon them requires. Hence on account 
of the inertia of the viraters, if the tides be considered 
relatively to the whole earth and open seas, there is a 
meridian about 30° eastward of the moon, where it is 
always high water both in the hemisphere where the 
moon is and in that which is opposite. On the west 
side of this circle the tide is flowing, (m the east it is 
ebbing, and on every part of the meridian at 90° distant 
it is low water. This great wave, which follows aB die 
motions of the moon as far as the rotation of the earth 
will permit, is modified by the action of the sun, the 
effects of whose attraction are in every respect like 
those produced by the moon, though greatly less ia de* 
gree. Consequently a similar wave, but mu<^ smaller,- 
raised by the sun tends to follow his motions, which at 
times combines with the lunar wave, and at others op- 
poses it, according to the relative positions ef the two 
luminaries ; but as the lunar v?ave is only modified a 
little by the solar, the tides must necessarily happen 
twice in a day, since the rotation of the earth barings the 
same point twice under the meridian of the moon in 
that time, once under the superior and once under the 
mferior meridian. 

In the semidiurnal tides there are two phenomena 
particularly to be distinguished, one occurring twice in a 
month, and the other twice in a year. 

The first phenomenon is that the tides are much in* 
creased in tiie syzygies,' or at the time of new and full 
moon (N. 153). In both cases tiie sun and moon are in 
the same meridian : for when the moon is new they are 
in conjunction ; and when she is full they are in opposi- 
tion. In each of these positions, their action is com* 
bined to produce the highest or spring tides under that 
ineridian, and the lowest in tiiose points that are 90° 
distant. It is observed that the higher the sea rises in 
fun tide, the lower it is in the ebb* The neap tides take 
place when the moon is in quadrature ; they neither rise 
so high nor sink so low as the spring tides. The spring 
tides are much increased when the moon is in peri^jae^ 


sbct. xm. spuBiie and neap 13108. 

because she is thee nearest lo the earth. It is ovideiit 
that the strong tides muBt happen twice in a month, 
since in that time the moon is once new and onee full. 

The second phenomenon in the tides is the augmen- 
tation occurring at the time of the equinoxes when th# 
sun^s declination (N- 154) is zero, which happens twice 
every year. The greatest tides take place when a new 
or full moon happens near the equinoxes, while the 
moon is in perigee* The inclination of the moon's orbit 
to the ecliptic is 5^ 8' 47'"* 9; hence in the equinoxes the 
action of the moon would be increased if her node were 
to coincide with her perigee ; for it is clear that the ac- 
tion of the sun and, moon on the ocean is most direct 
and intense when they are in the plane of the equator^ 
and in the same meridian, and when the moon in con^- 
junction or opposition is at her least distance from the 
earth. The spring tides which happen under all these 
favorable circumstances must be the greatest possible* 
The equinoctial gales often raise them to a great heig^ 
Besides these remarkable variations, thwe are others 
arising from the declination or angular distance of the 
sun and moon from the plane of the equator, which havo 
a great influence on the ebb and flow of the waters. The 
sun and moon are continually making the circuit of the 
heavens at different Stances firem the plane of the 
equator, on account of the obliquity of the ecliptic and 
the inclination of the, lunar orbit. The nooon takes about 
twenty-nine days and a half to vary through all her de^ 
clinations, which sometimes extend 26^ degrees on each 
side of tiie equator, while the sun requires neiirly 36&^ 
days to accomplish his motion from tropic to tropia 
through about 23| degrees ; so that their combined okk 
tion causes g^ea,t irregularities, and at times their at^ 
tractive forces counteract each other's effects to a certain 
extent ; but on an average the mean monthly range ol 
the moon's declination is nearly the same as the annual 
range of the declination of the sim : consequoitly the 
highest tides take place within the tropics, and the low- 
est toward the poles. The decfination of the moon 
likewise causes the two tides of the same day to rise to 
unequal heights ; this diurnal inequality of course van- 
ifithes when the moon is in the equator. 
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Bolii the height and time of high water are thus per* 
petaally changing ; therefore, in solving the problem, it 
is required to determine the heights to which the tides 
rise, the times at which they happen, and the daily vari- 
ations. Theory and observation show that each partial 
tide increases as the cube of the apparent diameter, or 
of the parallax of the body which produces it, and that it 
diminishes as the squai'e of the cosine of the declination 
of that body (N. 154) ; for the greater the apparent di- 
ameter, the nearer the body, and the more intense its 
action on the sea ; but the greater the declination, the 
less the action, because it is less direct. 

The periodic motions of the waters of the ocean, on 
the hypothesis of an ellipsoid of revolution entirely cov- 
ered by the sea, are very &r from according with obser- 
vation. This arises from the very great irregularities in 
the surface of the earth, which is but partially covered 
by the sea ; from, the variety in the depths of the ocean, 
the manner in which it is spread out on the earth, the 
position and inclination of the shores, the currents, and 
the resistance the waters meet with— causes impossible 
to estimate, but which modify the oscillations of the 
great mass of the ocean. However, amid all these 
irregularities, the ebb and flow of the sea maintain a 
ratio to the forces producing them sufficient to indicate 
their nature and to verify the law of the attraction of the 
sun and moon on the sea. La Place observes that the 
investigation of such relations between cause and eflect 
18 no less useful in natural philosophy than the direct 
solnticm oi problems either to prove the existence of the 
causes or to trace the laws of their effects. Like the 
theory of probabilities, it is a happy supplement to the 
ignorance and weakness of the human mind. Thus 
the problem of the tides does not admit of a general 
solution. It is, indeed, necessary to analyse the general 
phenomena which ought to result from die attraction of 
the sun and moon ; but these must be corrected in each 
particular case by local observations modified by the 
extent and depth of the sea, and the peculiar circum- 
stances of the place. 

Since the disturbing action of the sun and moon can 
only become sensible in a very great extent of water* 
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the Pacific Ocean must be one of the prineipd sources 
of our tides ; but, in consequence of the rotation of th# 
earth and the inertia of tibe ocean, high water does not 
happen till some time after the naoon's southing (N. 155). 
The tide raised in that world of waters is transmitted to 
the Atlantic, from which sea it moves in a northerlj 
direction along the coasts of Africa and Europe, arriving 
later and later at each place. This great wave, how- 
ever, is modified by the tide raised in the Atlantic, 
which sometimes combines with that from the Pacific 
in raising the sea, and sometimes is in opposilaon to it, 
so that the tides only rise in proportion to their differ- 
ence. This vast combined wave, reflected by the shores 
of the Atlantic, extending nearly from pole to pole, stiH 
coming northward, pours through the Irish and Brilasfa 
Channels into the North Sea ; so that the tides in our 
ports are modified by those of another hemisphere. 
Thus the theory of the tides in each port, both as to their 
height and the times at which they take place, is really 
a matter of experiment, and can only be perfectly deter- 
mined by the mean of a very great number of observa- 
tions, including several revolutions of the moon's nodes. 
The height to which the tides rise is much greater in 
narrow channels than in the open sea, on account of th« 
obstructions they meet with. The sea is so pent up in 
the British Channel that the tides sometimes rise as 
much as fifty feet at St. Male on the coast of France ; 
whereas on the shores of some of the South Sea islands 
near the center of the Pacific they do not exceed one 
or two feet. The vnnds have great influence on the 
height of the tides, according as they conspire with or 
oppose them ; but the actual effect of the wind in ex- 
citing the waves of the ocean extends very little below 
the surface. Even in the most violent fitcnrms, the water 
is probably calm at the depth of ninety or a hundred 
feet. The tidal wave of the ocean does not reach the 
Mediterranean nor the Baltic, partly from their poaitioa 
and partly from the narrowness of the Straits of Gib- 
raltar and of the Catesat, but it is very perceptible in 
the Red Sea and in Hudson's Bay. In high latitudeg, 
where the ocean is less directly under the influence of 
the himinaries, the rise and fidl of the sea i<i inconsidar* 
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aUe, so that in all probalvUity there is no tide at the 
poles, or only a snudl annual and monthly tide. The 
ebb and flow of the sea are perceptible in rivers to a 
very great distance from their estuaries. JLn the Straits 
of Pauxis, in the river of the Amazons, more than five 
hundred miles from the sea, the tides are evident. It 
requires so many days for the tide to ascend this mighty 
stream, that the returning tides meet a succession ol 
those which are coming up ; so that every possible vari- 
ety occurs at some part or ether of its slK>res, both as 
to magnitude and time. It requires a vety wide expanse 
of water to accumulate the impulse of the sun and moon, 
so as to render their influence sensible ; on that account 
the tides in the Mediterranean and Black Sea are 
scarcely perceptible. 

These perpetual commotions in the waters are occa- 
sioned by forces that bear a very small proportion to 
terrestrial gravitation : the sun's action in raiung the 
ocean is only the T^rTVy^nr ^^ gravitati<Hi at tiie eartii'f 
surface, and the action of the moon is little more than 
twice as much; these forces being in the. ratio of 1 to 
2*3533^ when the sun and moon are at their mean dis* 
tances from the earth. From this ratio the mass of the 
moon is found to be only the if^ part of that of the earth. 
Had the action of the sun on the ocean been exactly 
equal to that of the moon, there would have been no 
neap tides, and the spring tides would have been of 
twice the height which the action of either the sun w 
moon would have produced separately ; a phenomenon 
depending upon the interference of the waves or undu« 
lations. 

A stone plunged into a pool of stiU water occasions ft 
series of waves to advance along the surface, though the 
water itself is not carried forward, but only rises into 
heights and sinks into hollows, each portion of the sur- 
face being elevated and depressed in its turn. Another 
stone of the same size thrown into the water near the 
first, will occasion a sinular set of undulations. Then if 
an equal and similar wave from each stone arrive at the 
same spot at the same time, so tiiat the elevation of the 
one exactiy coincides with the elevation of tiie other, 
tltelr united eflec* will produce a wave twice the size of 
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^ther. But if one wave precede the other by exact^ 
half an undulation, the eleTation of the one will coincide 
with the hollow of the other, and the hollow of the one 
with the elevation of the other ; and the waveg wifi 40 
entirely obliterate one another, that the surface of the 
water will remain smooth and level. Hence if the length 
of each wave be represented by 1, they will destroy one 
another at intervak of |, |, |, 6cc'^ and will combine 
their effects at the inteiTals 1, 2, 3, &:c. It will be found 
according to this principle, when still water is disturbed 
by the fall of two equal stones, that there ere certain 
lines on its surface of a hyperbolic form, where the 
water is smooth in consequence of the waves oblitera- 
ting each other ; and that the elevation of the water in 
the adjacent paits corresponds to both the waves united 
(N. 156). Now in the spring and neap tides arising 
£rom the combination of the simple soli-lunar waves, the 
gj^ng tide is the joint result of the combination when 
they coincide in time and place ; and the neap tide hi^ 
pens when they succeed each other by half an interval, 
so as to leave only the effect of their difference sensible. 
It is therefore evident that if the solar and lunar tides 
were of tiie same height, there weuld be no difference, 
consequently no neap tides, and the spring tides would 
be twice as high as either separately. In the port of 
Batsha in Tonquin, where the tides arrive by two chan- 
nels of lengths corresponding to half an interval, there 
is neither high nor low water, on account of the inter 
ference.of the waves. 

The initial state of the ocean has no influence on the 
tides; for whatever its primitive conditions may have 
been, they must soon have vanished by the friction and 
mobility of the fluid. One of the most remarkable cir- 
cumstances in the iheory of the tides is the assurance, 
tiiat-in consequence of the density of the sea being only 
cme-iifth of the mean density of the earth, and the earth 
itself increasing in density toward the center, the sta- 
bility of the equilibrium of the ocean never can be sub- 
verted by any physical cause. A general inundation 
arising from the mere instability of the ocean is there- 
fere impossible. A variety of circumetances however 
tend to produce partial variations in the eqaiiifarium of 
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tlM seas, wluch is restxnfed by means of cmrents. Winds 
and the periodical melting of the ice at the poles occa- 
sion temporaiy water-conrses ; bat by far the most im- 
portant causes are the centrxfagal force induced by the 
velocity of the eardi*s rotation, and variations in the 
density of the sea. 

The centrifugal force may be res<dved into two forces 
•—one perpendicular, and another tangent to the earth's 
surface (N. 157). The tangential force, though small, 
is sufficient to make the fluid particles within the polar 
circles tend toward the equator, and the tendency is 
much increased by the immense evaporation in the 
equatorial regions rrom the heat of the sun, which dis- 
turbs the equilibrium of the ocean. To this may also 
be added the superior density of the waters near the 
poles, partly from their low temperature and partJy 
irom their gravitation being less diminished by the ac- 
tion of the sun and moon than that of the seas of lower 
latitudes. In consequence of the combination of all 
these circumstances, two great currents perpetually set 
from each pole toward the equator. But as tibey come 
from latitudes where the rotatory motion of the surface 
of the earth is very much less Uian it is between the 
tropics, on account of their inertia, they do not im- 
mediately acquire the velocity with which the solid part 
of the earth's surface is revolving at the equatorial re- 
gions ; from whence it follows that within twenty-five 
or thirty degrees on each side of the line, the ocean 
appears to have a general motion from east to west, 
which is much increased by the action of the trade 
winds. This mighty mass of rushing waters at about 
the tenth degree of south latitude is turned toward the 
north-west by the coast of America, runs through the 
Gutf of Mexico, and passing the Straits of Florida at 
the rate of live miles an hour, forms the well-known 
current of the Gulf-stream, which sweeps along the 
whole coast of America and runs northward as far as 
the bank of Newfoundland, then bending to the east it 
flows past the Azores and Canary islands, till it joins 
the great westerly current of the tropics about latitude 
21° north. According to M. de Humboldt this great 
eireuit of 3800 leagues, which the waters oC the Atlantio 
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are perpetually describing between the parallela of eleTen 
and forty-three degrees of latitude, may be accomplished 
by any one particle in two years and ten months. In 
the center of this current is situated the wide field of 
floating sea- weed called the grassy sea. Besides this 
there are branches of the Gulf-stream, which convey 
the fruits, seeds, and a portion of the warmth of the 
tropical climates to our northern shores. 

The general westward motion of the South Sea, togeth^ 
er with the south polar current, produce various water- 
courses in the Pacific and Indian Oceans, according as 
the one or the other prevails. The western set of the 
Pacific causes currents to pass on each side of Austn^a, 
while the polar stream rushes along the bay of Bengal : 
the westerly current again becomes most powerful to- 
ward Ceylon and the Maldives, whence it stretches by 
the extremity of tiie Indian peninsula past Madagascar, 
to the most southern point of the continent of Africa, 
where it mingles with the general motion of the seas. 
Icebergs are sometimes drifted as &r as the Azores 
frvm the north pole, and from the south pole they have 
oome even to die Cape of Good Hope. But die ice 
which encurcles the south pole extends to lower latitudes 
by 10° than that which surrounds the north. In conse- 
quence of the polar current Sir Edward Parry was 
obliged to give up his attempt to reach the north pole 
in the year 1827, because the fields of ice were drining 
to the south faster than his party could travel over them 
to the north. 

As distinct currents of air traverse the atmosphere in 
horizontal strata, so in all probability under currents in 
the ocean flow in opposite directions from those on the 
surface ; and there is every reason to believe that the 
cold waters, deep below the surface of the sea in the 
equinoctial regions, are brought by submarine currents 
from the poles, though it is not easy to prove then: ex- 
istence* 
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The oecUiatkms of the atmosphere and its eetioD 
npeci rays of light coming from the heaTenly bodies, 
oomiect the seience of astronomy with the eqnilibriam 
and ipovements of fluids, and the laws of moleeular 
atmctaoo. Hitherto that force has been under consid- 
eration which acts upon mosses of matter at sensible 
diataoees; but now the effects of such forces are to be 
considered as act at inappreciable distances upon the 
y^fWAtft atoms of material bodies. 

AJl substances consist of an assemblage of materiid 
particlee, which are far too small to be visible by any 
means human ingenuity has yet been able to devise, 
«id which are much beyond the limits of our percept 
tisns. Since every known substance may be reduced 
in Mk by pressure, it follows that the particles of mat- 
ter are not in actual contact, but are separated by inter- 
stices, owing to the repulsive principle that mainbuns 
them at extremely minute distances from one another. 
It is evident that the smaUer the interstitial spaces 
the greater the density. These spaces appear in 
some cases to be fiUod with air, as may be infer- 
red from certain semi-opaque minerals and other sub- 
stances becoming transparent when plunged into water ; 
aometimes they may possibly contain some unknown 
md highly Mastic fluid, such as Sir David Brewster has 
discovered in the minute cavities of various minerals, 
which occasionaUy causes these substance^ to explode 
with violence when under the hands of the lapidary, 
but in general they seem to our senses to be void ; yet 
as it is inconceivable that the particles of matter should 
act upon one another without some means of commu 
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nicatimi, tnere is erery reason to presume that tlie in- 
terstices of material substances contain a portion of that 
snbtle ethereal and elastic fluid with which the regions 
of space are replete. 

Substances compressed by a sufficient force» are said 
to be more or less elastic according to die fecility with 
which they regain their bulk or volume when the 
pressure is removed ; a property which depends upon 
the repulsive force of their particles, and the elibrt re- 
quired to compress the substance is a measure of the 
intensity of that repulsive force which varies with the 
nature of tlie substance. 

By the laws of gravitation the particles of matter 
attract one another when separated by sensible dis- 
taaces; and as they repel each other when they are 
inappreciably near, it recently occurred to Professor 
Mossotti <^ Pisa, ^lat there mig^t be some intermedi- 
ate distance at which the particles might neither attract 
nor repel one another, but remain balanced in that 
stable equilibrinm which they are found to maintain in 
every material substance solid and fluid. 

it has fi>ng been a hypothesis among philosbphers 
that electricity is the agent which binds tiie particles of 
matter together. We are totally ignorant of tho' nature 
of electricity, but it is generaHy supposed to be an ethe- 
real fluid in the highest state of elasticity surrounding 
every particle of matter ; and as the earth and the at- 
mosphere are replete with it in a latent state, there is 
every reason to believe that it is unbounded, filling the 
regions of space. 

The celebrated Franklin was the first who explained 
the phenomena of electricity in repose, by supposing 
the molecules of bodies to be surrounded by an atmos- 
phere of the electric fluid ; and that while the electric 
atoms repel one anotiier, they are attracted by tJie ma- 
terial molecules of the body. These forces of attraction 
and repulsion were afterward proved by Coulomb to 
vary inversely as the squares of the distance. The 
hypothesis of Franklin was reduced to a mathematical 
theory by ^pinus^ and the most refined analysis ha^ 
b99B empbyed by^the Baren Poisson in explanation of 
electric phenomena. Stall these philosophers were un- 
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able to recoDeile the attraction of the molecules of mat- 
ter inversely as the squares of the distance as proved 
by Newton, with their mutual repulsion according to 
the same law. But Professor Mossotti has recently 
shown, by a vexy able analysis, that there are strong 
grounds for believing that not only the molecular forces 
which unite the particles of material bodies depend on 
the electric fluid, but that even gravitation itself^ which 
binds world to world and sun to sun, can no longer be 
regarded as an ultimate principle, but the residual por- 
tion of a far more powerful force generated by that en- 
ergetic agent which pervades creation. 

It is true that this connection between the molecular 
forces and gravitation depends, upon a hypothesis ; but 
in the greater number of physical investigations, some 
hypothesis is requisite in the first instance to aid the 
UBperfection of our senses. Yet, when the phenomena 
of nature accord with the assumption, we are justified 
in believing it to be a general law. 

As the particles of material bodies are not in aetoal 
contact. Professor Mossotti supposes that each is en- 
compassed by an atmosphere of the ethereal fluid; 
that the atoms of the fluid repel one another ; that the 
molecules of matter repel one another, but with less 
intensity; and that there is a mutual attraction be- 
tween die particles of matter and the atoms of the fluid. 
Forces which we know to ekist, and which he assumes 
to vaiy inversely as squares of the distance. The fol* 
lowing important results have been obtuned t^ the pro- 
fessor from the adjustment of these three forces : — 

When the material molecules of a body are inappre- 
ciably near to one another, they mutually repel each 
other with a force which diminishes rapidly as the 
infinitely small distance between the matenal molecuJes 
augments, and at last vanishes. When the molecules 
are still farther apart, the force becomes attractive. At 
that particular point where the change takes place, the 
forces of repuLuon and attraction bakmce each other, so 
that the molecules of a body are neither disposed to 
approach nor recede, but remain in equilibrio. If we 
try to press them nearer, the repulsive force resists tha 
attempt; and if we endeavor to break C, body so as to 
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tear the particles asunder, the attractiye force predoni'- 
loates and keeps them together. This is what consti- 
tates the cohesive force, or force of aggregation, by 
which the molecules of aU substances are united. The 
limits of the distance at which the negative action^ be 
comes positive vary according to the temperature and 
nature of the molecules, and determine whether the 
body which they form be solid, liquid, or aeriform. 

Beyond this neutral point, the attractive force in 
creases as the distance between the molecules augments^ 
till it attains a maxinium ; when the particles are more 
apart it diminishes ; and as soon as- liiey are separated 
by finite or sensible distances, it varies directly as theii 
mass and inversely as the squares of the distance^ 
which is precisely the law of universal gravitation. 

Thus on the hypothesis that the mutual repulsion 
between the electric atoms is a little more powerful 
than the mutual repulsion between the particles of mat* 
ter, the ether and the matter attract each other with 
unequal intensities, which leave an excess of attractive 
force constituting gravitation. As the gravitating force 
is in operation wherever there is matter, the ethereal 
electric fluid must encompass all the bodies in the uni 
verse; and as it is utterly incomprehensible that the 
celestial bodies shoxdd exert a reciprocal attraction 
through a void, this important investiga^on of Pr(^essor 
Mossotti furnishes additional presumption in favor of a 
miiversal ether, already all but proved by the motion of 
comets and the theory of light. 

In aeriform fluids the particles of matter are more 
remote from each other than in liquids and solids ; but 
the pressure may be so great as to reduce an aeriform 
fluid to a liquid, and a Squid to a solid. Dr. Faraday 
has reduced some of the gases to a liquid state by very 
great compression; but although atmospheric air is 
capable of a diminution of volume to which we do not 
know the limit, it has hitherto always retained its 
gaseous properties, and resumes its primitive Yohime 
Sie instant the pressure is removed. 

If the paxticles approach sufficiently near to produce 
equUibrium between the attractive and repukdve forces, 
but not near enough tO admit of any influence ttom 
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tbmr lorm, perfect iB<di)Uity will exist among them re- 
gulting from the similarity of their attractions, and th»y 
wUl ofier great resistance when compressed ; properties 
which (^imoterize liquids in which the repulsive prin- 
ciple is greater than in the gases. When the distance 
between the particles is still less, solids are formed. 
But the nature of their structure will vary, because at 
such small distances the power of the mutual attraction 
of the particles will depend upon their form, and will 
be modified by the sides they present to one another 
during their aggregation. Besides these three condi- 
tions of matter, there are an infinite variety of others 
coirespondiog to the various limits at which the two 
contending forces are balanced, which may be observed 
in the fusion of metals, and other substances passing 
£rom hardness to toughness, viscidity, and through all 
iim other stages to pedect fluidity and even to vapor. 

The effort required to break a substance is a measure 
of the intensity of the cohesive force exerted by its 
partides, which is as variable as the intensity of the 
repnlsive principle. In stone, iron, steel, and all brittle 
and hard bodies, the cohesion of the particles is powerful 
but of small extent. In elastic substances, on the con- 
trary, its action is weak but more extensive. Since all 
bodies expand by heat, the cohesive force is weakened 
by an increase of temperature. 

£vexy particle of matter, whether it forms a con- 
stituent part of a solid, liquid, or aeriform fluid, is 
subject to the law of gravitation. The weight of the 
atmosphere, of gases and vapor, shows that they consist 
of gravitating particles. In liquids the cohesive force 
is not sufficiently powerful to resist the action of gravi- 
tation. Therefore although their component particles 
still maintain tiieir connection, the liquid is scattered by 
their weight, unless when it is confined in a vessel or 
has already descended to the k)west point possible, and 
assumed a level sur£^e from the mobility of its particles 
and the influeBee of the gravitating force, as in the 
ocean, or a lake. Solids would also &11 to pieces by 
the weight oi their particles, if the force of cohesion 
were not powerful enou|^ to resist the efforts of gravi* 
tatwn. 
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TIm phenom^ita ansing from liie force of oohenon 
wre iomnuAFable. The spberical ftma of nin drops; 
tbe difficttlty.of detBcfaiiig ft plate of glass from tbo smr-^ 
fiaiee of water ; the force rhAk which two plane mrfaces 
ai&ere when pressed together ; the drops thst cfing to 
the wiodow^glass m a shower of rain — are al efifects of 
eoheskm entirely independent of atmosf^rie pressure, 
and are induded in the same analytical fbrmnla (N. 
168) which expresses all the circnmstsnces aocvrateiy. 
although the laws according to which the toces of 
eohesien and repolBion vary are unknown, it is more 
than iH*obable that l^e sfJaerical ihrm of die sun and 
planets is due to the force oi cohefnon, as diey have 
every appearance of having been at one period in ft state 
effusion* 

A very remarkable instance of cohesion has oecasio&« 
ally been observed in plate-^ass mann&ctories. After 
the large plates of gfaiss of which the mirrors are to be 
made have received their last polish, they are carefolly 
wiped and laid on their edges with their surfaces resting 
on one another. In the course of time the cohesion 
has sometimes been so powerful, that they could not be 
separated without breaking. Instances have oocofrsd 
where two or three have been so perfectly united, that 
they have been cut and th^ edges polished as if the^ 
had been fused together, and so great was the foree 
required to make their smiaces slide that one tore oif a 
portion of the sur&ce of the other. 

The size of the ultimate particles of matter must be 
small in the extreme. Organized beings possessing life 
and all its functions, have been discovered so small that 
a milhon of them would occupy less space than a grain 
of sand. The malleability of gold, the perfume of 
musk, the odor a( flowers, and many other instances 
might be given of the excessive minuteness of the 
atoms of matter ; yet from a variety of circumstances it 
may be inferred that matter is not infinitely divisible. 
Dr. Wollaston has shown that in aU probabitity the 
atmospheres of the sun and planets as well as of the 
earth consist of ultimate atoms no longer divisiUe ; and 
if so, that our atmosphere only extends to that point 
where the terrestrial attraction is balanoed by Ike ekieo 
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tkity oi the air. The definite proportiont of chemical 
comLpounds afford one of the best proofs that divisibility 
of matter has & limit The cohesive force which hu 
been the subject of the preceding considerations, only 
unites particles of the same kind of matter; whereas 
affinity, which is the cause of chemical compounds, is 
the mutual attraction between particles of different 
kinds of matter, and is merdy a result of the electrical 
state of the particles, chemical affinity and electricity 
being only forms of the same powers. 

It is a permanent and universal law in all unorganized 
bodies hitherto analyzed, that the composition of sub- 
stances is definite and invariable, the same compound 
always consisting of the same elements united, together 
in the same proportions. Two substances may indeed 
be mixed; but &ey will not combine to form a third 
substance different from both, unless their component 
particles unite in definite proportions, that is to say, one 
part by weight of one of the substances will unite with 
one part by weight of the other, or with two parts, or 
three, or four, £c., so as to form a new substance ; but 
in any other proportions they will only be mechanically 
mixed. For example, one part by weight of hydrogen 
gas will combine with eiffht parts by wei^t of oxygen 
gas and form water ; or it will unite with sixteen parts 
by weight of oxygen, and form a substance called 
deutoxide of hydrogen ; but added to any other weight 
of oxygen, it will produce one or both of these com- 
pounds mingled with the portion of oxygen or hydrogen 
in excess. . The. law of definite proportion esteblished 
by Dr. Dalton, on the principle that every compound 
body consists of a combination of the atoms of its con- 
stituent parts, is of universal application, and is in fact 
one of the most important discoveries in physical science, 
furnishing information previously unhoped for with re- 
gard to the most secret and minute operations of nature, 
in disclosing the relative weights of the ultimate atoms 
of matter. Thus an atom of oxygen unrting with an 
atom of hydrogen forms the compound water ; but as 
every drop of water, however sooall, consists of eight 
parts by weight of oxygen and one part by weight of 
hydrogen, it foUows that tax atom of oxygen is ei^t 
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times heavier than an atom of hydrogen. In the same 
manner sulphuretted hydrogen gas consists of sixteen 
parts by weight of sulphur and one of hydrogen ; there- 
fore, an atom of sulphur b sixteen times heavier than 
an atom of hydrogen. Also carbonic oxide is consti- 
tuted of six parts by weight of carbon, and eight of 
oxygen ; and as an atom of oxygen has eight times the 
weight of an atom of hydrogen, it follows that an atom 
of carbon is six times heavier than one of hydrogen. 
Since the same definite proportion holds in the compo- 
sition of all substances that have been examined, it may 
be concluded that there are great differences in th« 
weights of the ultimate particles of mattor. M. Gay 
Lussac discovered that gases unite together by their 
bulk or volumes, in such simple and definite proportions 
as one to one, one to two, one to three, &g. For 
example, one volume or measure of oxygen unites with 
two volumes or measures of hydrogen in the formation 
of water. 

Affinity modified by the electrical condition of the 
particles of matter, has hitherto been believed to be the 
cause of chemical combinations. However, Dr. Fara* 
day has proved by experiments on bodies both in solu- 
tion and fusion, that chemical affinity is merely a result 
of the electrical state of the particles of matter. Now 
it must be j:>bserved that the composition of bodies as 
well as their decomposition, may be accomplished by 
means of electricity ; and Dr. Faraday has found that 
this chemical composition and decomposition, by a given 
current of electricity, is always accomplished according 
*to the laws of definite proportions ; and that the quan- 
tity of electricity requisite for the decomposition of a 
substance is exactly the quantity 'necessary for its com- 
position. Thus the quantity of electricity which can 
decompose a grain weight of water is exactly equal to 
the quantity of electricity which unites the elements of 
that grain of water together, and is equivalent to the 
quantity of atmospheric electricity which is active in a 
very powerful thunder-storm. These laws are univer- 
sal, and are of that high and general order that charac- 
terize all great discoveries, and perfect^ agree with 
Professor Mossotti's theory. 
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Df, Faraday ha« given a siagiilar iastanoe of ooImwvv 
force inducing chemical combination, by the foUowing 
experiment, which seems to be nearly allied to the die- 
coyeiy made by M. Doebereiner, in 1823, c^ the spoa" 
taneous combustion of spongy platina (N. 159) exposed 
to a stream of hydroffen gas mixed with Goami<Hi air. 
A plate of platina with extremely clean surfaces, when 
plunged into oxygen and hydrogen gas mixed in the pro- 
portions which are found in the constitutioD of water, 
causes the gases to combine and water to be formed, 
the platina to become red-hot, and at last an explosioo 
to take place; the only conditions necessary for this 
curious experiment beinc excessive purity in the gases 
and in the surface of me plate. A sufficiency pure 
metalHc surface can only be obtained by immersing the 
platina in very strong hot sulphuric acid and then Wiash- 
Ing it in distilled water, or by making it the positive 
pole of a pile in dilute sulphuric acid. It appears that 
the force of cohesion as well as the force of affinity ex- 
erted by particles of matter, extends to all the particles 
within a very minute distance. Hence the platina while 
drawing the particles of the two gases toward its sur- 
face by its great cohesive attraction, brings them so near 
to one anower that they come within the sphere of their 
mutual affinity, and a diemical combination takes plaoe. 
Dr. Faraday attributes the effect in part also to a dim- 
inution in the elasticity of the gaseous particles on their 
sides adjacent to the platina, and to their perfect nux- 
ture or association, as well as to the positive action oi 
tihe metal in condensing them against its surface by its 
attractii^e force. The particles when chemically united 
run off the surface of the metal in the form of water by 
their jzravitation, or pass away as aqueous vapor and make 
way for others. 

The particles of matter are so smaU that nothing i« 
known of their form, further than the disaimilari^ ci 
their different sides in certain cases, which appears nroir 
their reciprocal attractions during ciystalization bein| 
more or less powerful, according to the sides they pre 
sent to one another. Crystalization is an efiect of mole 
cular attraction regulated by certain laws, according t» 
which atoms of the same kind of matter unite in rega 


lar faism — a fiwt «mU7 proved ^ ditiohinf • {imm of 
4kim ia pore watar. The mutiud attractkm of tbe par- 
ticles k destroyed by the wat;er ; but if it be evaporated 
they uDite and form in mtitlD^ ej^t-sided figures oeUed 
octahedroDfl (N. 160). These, however, fire not i^ the 
same. Some have their angles cut off, otiiea?s their 
edges, and some both, while the remainder tak^ te 
regular form. It is quite clear that the same chfeiun- 
stances which cause the aggregation of a few pairticles 
would, if continued, cause the addition of more ; and 
the process would go on as long as any particles remain 
free round the primitive nucleus, which would iacreaee 
in size, but would remain unchanged in form, the figure 
of the jsarticles being such as to maintain the regu&ifey 
and smoothness of ttke surfaces of the solid and their 
mutual inclinations. A broken crystal will by degrees 
resume its regular figure when put back again into the 
solution of alum, which shows that the internal and ex- 
ternal particles are similar and have a similar attraction 
for the particles held in sdution. The original condi- 
tions of aggre^tion which make the nudecules of the 
same substance unite in different forms must be very 
numerous, since of carbonate of lime alone there are 
many hundred varieties ; and certain it is from the mo- 
tion of polarized light through rock crystal, that a vetj 
different arrangement of particles is requisite to produce 
•an extremely small change in external form. A variety 
of substances in crystalizing combine chemically with a 
certain portion of water which in a dry state rorms an 
essential part of their crystals; and according to the 
experiments of MM. Haidinger and Mitscherlich seenu 
in some cases to give the peculiar determination to then* 
constituent mole^es. These gentlemen have observed 
that the same substance crystalizing at different teo»- 
peratures unites with different quantities of water and 
assumes a corresponding variety of forms. S^&iat6 
of zinc, for example, imites with three different portions 
of water and assumes three different forms, according 
as its temperature in the act of crystalizing is hot, luke- 
warm, or cold. Sulphate of soda, also, which crystal- 
izes at 90^ of Fahrenheit without water, of erystaiiaa^ 
tiout c<»^ines with water aft tJie erdiaaxy tanqN^atwrt 
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and takes a different form. Heat appears to hare a 
great inflaence on tbe phenomena of ciystalisation, not 
only when the particles of matter are free, bat eren 
when firmly united, for it dissolves their union and gives 
them another determination. Professor Mitscheriich 
found that prismatic crystals of sulphate of nickel (N. 161 ) 
exposed to a summei^s sun in a close vessel, had their 
internal structure so completely altered without any ex- 
terior change, that when broken open they were com* 
posed internally of octahedrons with square bases. The 
original aggregation of the internal particles had been 
dissolved, and a disposition given to arrange themselves 
in a crystaline form. Crystals of sulphate of magnena 
and of sulphate of zinc, gradually heated in alcohol till it 
boils, lose their transparency by degrees, and when 
opened are found to consist of innumerable minute crys- 
tals totally different in form from the whole crystals ; 
and prismatic crystals of zinc (N. 162) are changed in a 
few seconds into octahedrons by the heat of the sun: 
other instances might be given of the influence of even 
moderate degrees of temperature on mc^ecular attrac- 
tion in the interior of substances. It must be observed 
that these experiments give entirely new views with 
regard to the constitution of solid bodies. We are led 
from the mobility of fluids to expect great changes in 
the relative positions of their molecules, which must be 
in perpetual motion even in the stillest water or calmest 
air ; but we were not prepared to find motion to such 
an extent in the interior of sdids. That their particles 
are brought nearer by cold and pressure, or removed 
farther fi^m one another by heat, might be expected ; 
but it could not have been anticipated that their relative 
positions could be so entbrely changed as to alter their 
mode of aggregation. It follows from the low temper- 
ature at which these changes are effected, that there 
is probably no portion of inorganic matter that is not in 
a state of relative motion. 

Professor Mitscherlich's discoveries with legard to 
the forms of crystalized substances, as connected witli 
their chemical charcter, have thrown additional l^ht on 
the constitution of material bodies. There is & certain 
set of ciystaline forms which are not susoeptihle of 
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wiriatioii, as the die or cube (N. 163}, which may ba 
small or large, but is invariably a solid bounded hj mx 
square surfaces or planes. Such also is the tetrahedron 
(N. 164) or fbur-mded solid contained by four equal* 
sided triangles. Several other solids belong to this class, 
which is ^ed the Tessular system of crystafization. 
There are other crystals which, though bounded by the 
same number of sides, and having the same form, are 
yet susceptible of variation ; for instance, the eij^t- 
sided figure with a square base called an octahedron 
(N. 165), which is sometimes flat and low and some- 
times acute and high. It was formerly believed that 
identity of form in all crystals not belonging to the 
Tessuhu* system indicated identity of chemical compo« 
sition. Professor Mitscherlich however has shown, 
that substances dififering to a certain degree in chemical 
composition have the property of assuming the same 
erystdline form. For example, the neutral phosphate 
of soda and the arseniate of soda crystalize in the very 
same form, contain the same quantities of acid, alkali, 
and water of crystafization ; yet they differ so fkr, that 
one contains^ arsenic and the other an equivalent quan- 
tity of phosphorus. Substances having such properties 
are said to be isomorphous, that is, equal in ibrm. Of 
these there are many groaps, each group having the 
same form, and similiirity though not identity of chemi- 
cal composition. For instance, one of the isomorphous 
groups is that consisting of certain chemical substances 
caUed the protoxides of iron, copper, zinc, nickel, and 
manganese, all of which are identical in form and contain 
the same quantity of oxygen, but differ in the respective 
metals they contain, which are however nearly in the 
same proportion in each. All these circumstances tend 
to prove that substances having the same crystalineform 
must consist of ultimate atoms, having the same fissure 
and arranged in the very same order ; so that the rorm 
of crystals is dependent on their atomic constitution. 

AH crystalized bodies have joints called cleavages, at 
which they split more easily than in other directions ; 
on this property the whole art of cutting diamonds de- 
pends. Each substance splits in a manner and in forms 
peculiar to itself. For example, all the hundreds of 
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fatroB of oarboDAte of linw tplit into six-sided figona^ 
eallod ffaombohedrons (N. 166), ifvfaoso alternate anglet 
nmftsnre 10d°«d6 and 7S°-05, hewever fartbe dhrUnott 
may be canied ; therefore the ultimate particle of car* 
botute of lime is presumed to have that form. Howerer 
this maj be, it is certain that all the various crystals of 
tfant Bfimeral may be formed by building up six-sided 
aoMds of the form described, in the same manner as chil- 
dren build houses with miniature bricks. It may be 
imagined that a wide difference may exist between the 
partidee of an unformed mass, and a crystal of the same 
substance — - between the common shapeless Mmestofte 
and the pure and hmpid crjrstal of Iceland spsr, yet 
chemical analysis detects none; their ultimate atoms 
are identical, and crystalization shows that the diffefunce 
arises only from the mode of aggregation. Besides, al 
substances either crystalize naturally, or may be made te 
do so by art. Liquids crystalize m freeaing, fupors by 
sublimation (N. 167) ; and hard bodies, when fused, eiyi* 
talize in cooling. Hence it may be inferred tint all sub* 
stances fure composed of atoms, on wliose magnitude, 
density, and form their nature land qualities depend ; 
and as these qualities are unchangeable, the ultimate 
particles of matter must be incapable of wear — the saane 
now as when created. 

The oscillations of the atmosphere and the ehaatea 
in ks temperature, are measured by variatioBS m 3m 
heights of the barometer and thermometer. But tiie 
actual length of the liquid columns depends not only upon 
the force of gravitation, but upon the cohesive force, or 
reciprocal attmction between thm molecules of the liquid 
and those of the tnbe containing it. This peculiar actioo 
of the ocdiesive force is called capillary attraction or ca* 
pillarity . If a glass tube of extremely ftne bore, such as 
a small thermometer tnbe, be plunged into a cup of wa- 
ter or spirit of wine, the Uquid will inmiediately rise li 
the tube above the level of that in the cup ; and the sur- 
foce of the little column thus suspended will be a hollow 
hemisphere, whose diameter is the interior diameter of 
the tube. If the same tube be pluneed into a cupful of 
■lercury the liquid wiM also rise in tibe tube, but it will 
never attain the level of that in the cup, uid its fuif aee 
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wil b« a hemisiihera .whose difu&etor 19 al^o the diame^ 
ter of the tube (N. 168). The elevatioii or depressicm 
f^lbe same liquid in different tubes of the same mutter, 
M in the inverse ratio of their internal diameters (N. 169), 
and altogelliier independent of tbehr thickness ; wheojce 
it follows that the molecular action is insensible at sen* 
nUe distances, and that it is only the thinnest possi^ 
•le film of the interior surface of the tubes that exerts a 
tensible action on the liquid. So much indeed is this 
Ihe case, that when tubes of the . same bore are com- 
pkately wetted with water throughout their whole ex 
tentf mercury will rise to the same heignt in all of them, 
whatever be their thickness or density, because the mi- 
aute coating of moisture is sufficient to remove the in- 
ternal column of mercury beyond the sphere of attraction 
of the tube, and to supply the place of a tube by its 
ewQ ^apiiUary attraction. The forces which produce the 
laipilllHy phenomena are the reciprocal attraction of the 
til^ and the liquid, and of the Uquid particles on one 
vaother ; and in cnrder that the ^apUlary column may be 
m eqtt^rio, the weight of that part of it which rises 
above or sinks below the level of the liquid in the cap 
(Qitst balance these forces. 

The estimation of the action of the liquid is a^fficult 
Qijrt of this problem. La Place, Dr. Young, and other 
fnathematicians, have considered the liquid within ,the. 
tube. to be of uniform density; but M. Poisson, in one 
«f &eae masterly productions in which he elucidates the 
mpst abstruse subjects, has proved that the ph^iomena 
of capillary attraction depend upon a rapid deorease ir 
the density of tlie liquid column throug^ut an extreme]^ 
small space at ks surface. Every indefinitely thin layer 
of a liquid is compressed by the liquid above it, and sup- 
ported by that bek>w. Its degree of condensation de- 
pends upon the magnitude of the compression force ; 
ftnd as ^lis f(»x:e decreases rapidly toward the surface 
whrnre it vaaishesy the density of the liquid decreases 
ulsOk M. Poisson has shovm that when this force is 
omitted, the capittary surface becomes plane, and that 
the liquid in the tube will neither rise above nor sink. 
Mew the level of that m the cup. In estimating ^i0i 
forces, it is also necessaxy to include the variation in the. 
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density af the capilkuy surface round the edges from the 
attraction of the tabe. 

The direction of the resulting force determines the 
curvature of the surface of the capillary colunoin. In 
order that a liquid may be in equUibrio, the force re* 
suiting from all the forces acting upon it must be per- 
pendicular to the surface. Now it appears that as glass 
is more dense than water cr alc<^ol, the resulting rorce 
will be inclined toward the interior side of the tube ; 
therefore the surface of the liquid must be more ele* 
yated at the sides of the tube than in the center in order 
to be perpendicular to it, so that it will be concave as in 
the thermometer. But, as glass is less dense than mer- 
cury, the resulting force will be inclined from the interior 
side oi the tube (N. 170), so that the surface of the ca- 
]nllary column must be more depressed at the sides of 
the tube than in the center, in order to be perpendicular 
to the resulting force, and is consequently convex, as 
may be perceired in the mercury of the barometer when 
rising. The absorption of moisture by sponges, sugar, 
salt, &c., are familiar examples of capiltary attraction* 
Indeed the pores of sugar are so minute, that there 
seems to be no limit to the ascent of the liquid. Wine 
is drawn up in a curve on the interior surface of a class ; 
tea rises above its level on the side of a cup ; but if the 
glass or cup be too full, the edges attract the Uquid 
downward, and give it a rounded form. A column of 
liquid will rise above or sink below its level between two 
plane parallel surfiices when near to one another, ac- 
cording to the relative densities of the plates and the 
hquid (N. 171) ; and the phenomena will be exactly the 
same as in a cylindrical tube whose diameter is double 
the distance of the plates from each other. If the two 
surfaces be very near to one another, and touch each 
other at one of their upright edges, the liquid wiU rise 
highest at tibe edg^ that are in contact, and will grad- 
ually diminish in height as the sur&ces become more 
separated. The whole outline of the liquid column will 
have the form of a hyperbola^ Indeed so universal is 
the action of capillarity, that solids and liquids cannot 
touch CMie another without producing a change in the 
form of the surface of the liquid. 
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The attractions and repulsions ansing from capillarity 
present many curious phenomena. If two plates of 
glass or metal, both of which are either dry or wet, be 
partly immersed in a liquid parallel to one another, the 
liquid will be raised or depressed close to their surfiaces, 
but will maintain its level through the rest of the space 
that separates them. At such a distance they neither 
attract nor repel one another ; but the instant they Are 
brought so near as to make the level part of the tiquid 
disappear, and the two curved parts of it meet, the two 
plates will rush toward each odier and remain pressed 
together (N. 172). If one of the surfaees be wet and 
the other dry, they will repel one another when so near 
as to have a curved surface of liquid between them ; but 
if forced to approach a little nearer the repulsion will be 
overcome, and they will attract each other as if they 
were both wet or both dry. Two baUs of pith or wood 
floating in water, or two balls of tin floating in mercury^ 
attract one another as soon as they are so near that the 
surface of the liquid is curved between them. Two 
ships in the ocean may be brought into collision by this 
principle. But two balls, one c^ which is wet and the 
other dry, repel one another as socm as the liquid which 
separates them is curved at its surface. A bit of tea 
leaf is attracted by the edge of the cup if wet and re- 
pelled when dry, provided it be not too fiu* from the 
edge and the cup moderately full ; if too full, the con* 
trary takes place. It is probable that the rise of the 
aap in vegetables is in some degree owing to capillarity. 


Section XV. 


Analysit of the AtnuwphfiTe — Its Pressure — Law of Decrease in D^imty-^ 
Law of Decrease in Temperature — Measurement of Heig[hts br the 
Barometer— Extent of the Atmospheres-Barometrical Variotions — Oscil- 
lations— Trade Winds— Mmifloons— Rotation of Winds— Laws of Hw^ 
ricanes — ^Water^Spouts. 

The atmosphere is not homogeneous. It appears 
from analysis that of 100 parts 79 are azotic gas, and 21 
oxygen, the great source of o/^inbu lion and animal heat. 
Besides these tnere are three o^ four parts of carb 
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add 0U ia 1000 parts of atmoaphevio air. These pro- 
portions are found to be the same at all heights hitherto 
attained by man. The air is an elastic fluid roasting 
pressure in eveiy direction, and is subject to the law of 
gravitation. As the space in tiie top of the tube of a 
barometer ia a vacuum, the column of mercury sua- 
pended by the pressure of the atmosphere on the sur- 
face of the cistern is a measure of its weight. Conse- 
quentiy every variation in tiie density occasions a cor- 
responding rise or fall in the barometrical column. The 
pressure of the atmosphere is about fifteen pounds on 
every square inch; so that the surfece of tiie whole 
globe sustains a weight of 11,449,000,000 hundreds of 
mittions of pounds. Shell-fish which have tiie power of 
producing a vacuum, adhere to the rocks by a pressure 
of fifteen pounds upon every square inch of contact. 

Since the atmosphere is both elastic and heavy, its 
density necessarily dimimshes in ascending above the 
swrfaoe of the earth; for each stratum of air is oom- 
pBO sao d only by the weight above it. Therefore the 
upper strata are less dense, because they are less com- 
pressed than those below them. Whence it is easy to 
show, supposing the temperature to be constant, tiiat if 
tike hei{^ts alrave the eartii be talLon in increasing 
aritiimetical progression — that is, if they increase by 
equal ^pBantities,.as by a f6ot or a mile, the densities m 
the strain of air, or the heists of the barometer which 
aie proportionate to tiiem, will decrease in geometrioal 
progreasiOQ* For example, at the level of tiie sea, if tiie 
mean height of the barometer be 29*922 inches, at the 
height of 18,000 feet it will be 14*961 inches, or one 
half as great ; at the height of 36,000 feet, it will be one 
fourth as great ; at 54,000 feet, it wiU be one eighth, 
and so on, which affords a method of measuring the 
heists of mountains with considerable accuracy, and 
would be very simple, if the decrease in the density of 
the air w«re exactly according to the preceding law. 
But it is modified by several circumstances, and chiefly 
by chaoges of temperature, because heat dilates the 
air and cwrid cmitracts it, vaiying jijf of the whole bulk 
wh e n at 32<», for evevy degree of Fahrenheit's t^r- 
momecor. Experience shows that the heat of the air 
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d^reases as the height above the surface of the earth 
mcreases. And it appears from recent investigations 
that the mean temperature of space is 58^ below the 
zeto point of Fahrenheit, which would probably be the 
temperature of the surface of the earth also were it 
not for the non-conduclinff power of the air, whence it 
is enabled to retain the heat of the sun^s rays, which 
the earth imbibes and radiates in all directions. The 
decrease in heat is very irregular ; each authority gives 
a different estimate; probably because the decrease 
varies with the latitude as well as the height, and some- 
thing is due also to local circumstances. But from the 
mean of five different statements, it seems to be about 
one degree for every 334 feet, which is the cause of the 
severe cold and eternal snows on the summits of the 
Alpine chains. Of the various methods of computing 
heights from barometrical measurements, that of Mr. 
Ivory has the advantage of combining accuracy with the 
greatest simplicity. Indeed the accuracy with which 
we heights of mountains can be obtained by this method 
is very remarkable. Captain Smyth, R.N., and Sir 
John Herschel measured the hei^t of £tna by the 
barometer without any communication and in different 
years; Captain Smyth made it 10,874 feet, and Sir John 
Herschel 10,873 ; the difference being only one foot. In 
consequence of the diminished pressure of the atmos- 
phere, water boils at a lower temperature on the moun- 
tain tops than in the valleys, which induced Fahrenheit 
to propose this mode of observation as a method of as- 
certaining their heights. It is veiy simple, as Professor 
Forbes has ascertained that the temperature of the boil- 
ing point varies in an arithtnetical proportion with the 
height, or 549*5 feet for every degree of Fahrenheit, so 
that the calculation of height becomes one of arithmetic 
only without the use of any table. 

The atmosphere when in equilibrio is an ellipsoid 
flattened at the poles from its rotation with the earth. 
In that state its strata are of uniform density at equal 
heights above the level of the sea, and it is sensible of 
finite extent when it consists of particles infinitely divisi- 
ble or not. On the latter hypothesis it must really be 
* finite, and even if its particles be infinitely divisible it is 
8 k2 
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known by experience to be of extreme tenuity at rery 
small heights. The barometer rises in proportion to 
the super-incumbent [H'essure. At the level of tiie sea 
in the latitude of 45^ and at the temperature of melting 
ice, the mean height of the barometer being 29*922 
Inches, the density of the air is to the density of a simi- 
lar volume of mercury as 1 to 10477*9. Consequently 
tJ^e height of the atmosphere supposed to be of uniform 
density would be about 4*95 miles. But as the densi^ 
decreases upward in geometrical progressiob it is consicU 
erably higher, probably about fifi^ miles ; at that heig^ 
it must be of extreme tenuity, £or the decrease in density 
is so rapid that three fourths of all the air contained in 
the atmosphere is within four miles of the earth ; and* 
as its superficial extent is 200 millions of square miles* 
its relative thickness is less than that of a sheet of paper 
when compared with its breadth. The air even on 
mountain tops is sufficiently rare to diminish the intensity 
of sound, to affect respiration, and to occasion a loss oS 
muscular strength. The blood burst from the lips and 
ears of M. de Humboldt as he ascended the Andes; 
and he experienced the same difficulty in kindling and 
maintaining a fire at great heights which Marco Polo 
the Venetian fel^; on the mountains of Central Asia. M* 
Gay-Lussac and M. Biot ascended in a balloon to the 
height of 4*36 miles, which is the greatest elevation that 
man has attained, and they suffered greatly from the 
rarity of the air. It ia true that at the height of thirty- 
seven miles, the atmosphere is still dense enough to 
reflect the rays of the sun when 18^ belbw the horizon ; 
but the tails of comets show that extreme^ attenuated 
matter is capable of reflecting light. And although, at 
the height of fifty miles, the bursting of the meteor of 
1783 was heard on earth like the report of a cannon, it 
only proves the immensity of the explosion of a mass 
half a mile in diameter, which could produce a sound 
capable of penetrating air three thousand times more 
rare than that we breathe. But even these heights are 
extremely small when compared with the radius of the 
earth. 

The mean pressure of the atmosphere is not the same 
%D over the globe. It is less at the equator than at the 
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tropes or in thid higher latitudee, in conseqaenee of the 
naeent of the heated air from the surface of the earth ; 
it is less also on the shores <^ the Baltic sea than it is 
in France, i»>obably from seme permanent eddy in the 
air arising from the conformation of the surrounding 
land ; aod to similar local causes those baromelaric depress 
sions may be attributed which have been observed by ^ 
M« £rman, near the Sea of Ochotzk in Eastern Siberia, 
mid by Captain Foster near Cape Horn. 

There are various periodic oscillations in the atmos- 
phere which, rising aad falling like waves in the sea, 
occasion corresponding changes in the height of the 
barometer, but they difier as much firom tlie trade winds^ 
ipoonsoons, and other currents, as the tides of the sea do 
from the Gulf-stream and other oceanic rivers. The 
sun and moon distm'b the equilibrium of the "atmosphere 
by their attraction, and produce annual undulations whi<dsk 
have their maximum a&tudes at the equinoxes and their 
minima at the solstices. There are also lunar tide^ 
which ebb and flow twice in the course of a lunation. 
The diurnal tides, which accon^plish their rise and ^ 
in six hours, are greatly modiiSed by the heat. of the 
sun. Between the tropics the barometer attains ita 
maximum height about nine in the morning, then sinks 
till three or four in the afternoon; it again rises and 
attains a second maximum about nine in the evenin|^ 
wxd then it begins to fall and reaches a second minimum 
at three in the morning, again to pursue the same course* 
According to M. Bouvard, the amount of the oscillations 
at the equator is proportional to the temperature, and 
in other parallels it varies as the temperature and the 
square of the cosine of the latitude conjointly, conse- 
quently it decreases from the equator to the j^oles, but 
it is somewhat greater in the day than in l^e mght. 

Besides these small undulations, there ^e vast waves 
perpetually moving over the continents and oceans iu 
separate and independent systems, being confined to 
local yet very extensive districts, probably occasioned by 
long-continued rains or dry weather over large tracts of 
country. By numerous baromelarical observations made 
simultaneously in both hemispheres, the courses of sev- 
eral have beep traced, pome of which occupy twenty-four 
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and others tfair^-six hours to accompfish tbehr rise and 
faU. Ono es^ciallj of these yastbarometiic wayes, many 
hundreds of miles in breadth, has been traced over the 
greater part of £urope, and not its breadth only^ but also 
the direction of its front and its velocity have been clearly 
ascertained. Although like all other waves these are 
but moving forms, yet winds arise dependent on them 
like tide streams in the ocean. Mr. Birt has deter- 
mined the periods of other waves of still greater extent 
and duration, two of which require seventeen days to 
rise and fall, and another took thirteen days to complete 
its undulation. Since each oscillation has its perfect 
effect independently of the others, each one is marked 
by a change in the barometer, and this is beautifully 
ilhistrated by curves constructed from a series of obser 
▼atjons. The general form of the curve shows the 
course of the principal wave, while small undulations in 
its outline mark the maxima and minima of the minor 
oscillations. 

The trade^winds, which are the principal currents in 
the atmosphere, ai*e only a particular case of those veiy 
ffeneral laws which regulate the motion of the winds 
dOpending on the rarefaction of the air combined with 
tb/e rotation of the earth on its axis. 

The heat of the sun occasions these atrial currents 
by rarefying the air at the equator, which causes the 
cooler and more dense part of the atmosphere to rush 
akmg the surface of the earth from the poles toward the 
equator, while that which is heated is carried along the 
higher strata to the poles, forming two counter-currents 
in the direction of the meridian. But the rotatory ve- 
locity of the air corresponding to its geographical posi- 
tion decreases toward the poles. In approaching the 
equator it mus]; therefore revolve more slowly than the 
corresponding parts of the earth, and the bodies on the 
surface of the earth must strike against it with the ex- 
cess of their velocity, and by its reaction they will meet 
with a resistance contrary to their motion of rotation. 
So that the wind will appear to a person supposing him- 
self to be at rest, to blow in a direction nearly though 
not altogether contrary to the earth*s rotation ; because 
these currents will still retain a part of their northerly 
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and southerly impetus, which, combiuiog with their de- 
ficiency of rotatory velocity, will make them appear to 
blow from the north-east on one side of the equator and 
from the south-east on the other, which is the general 
direction of the trade-winds. But they are modified 
both in intensity and direction by the seasons, by the 
neighborhood of continents, and by the nature of the 
soil, so that the phenomena are not the same in both 
hemispheres. These winds, however, are not felt at all 
under the line, because the easterly tendency of the 
two great polar currents is gradually diminished as they 
approach die equator by the friction of the earth, which 
slowly imparts a portion of its rotatory velocity to them 
as they pass along, and when they meet in the equator 
they destroy one another's impetus. The equator does 
not exactly coincide with the line which separates the 
trade- winds north and south of it. That line of separa- 
tion depends. uppn the total difiTerence of heat in the two 
hemispheres, arising from the distribution of land and 
water, and other causes. 

The polar currents from defect of rotatory velocity 
tend, by their friction near the equator, to diminish the 
velocity of the earth's rotation ; while, on the contrary, 
the equatorial or. upper currents carry their excess of 
rotatory velocity north and south. And as they occa^ 
sionally come to the surface in their passage to the poles, 
they act on the earth by their friction as a strong south- 
west wind in the northern hemisf^ere, and as a north- 
west wind in the southern. In this manner the equili- 
brium of rotation is niaintained. Sir John Herschel 
ascribes to this cause the western and south-western 
gales so prevalent in our latitudes, and also the west 
winds which are so constant in the North Atlantic. 

There are many proofs of the existence of the coun- 
ter-currents, above the trade-winds. On the Peak of 
TenerifiTe the prevailing winds are from the west. The 
ashes of the volcano of St. Vincent's, in the year 1812, 
were carried to windward as far as Barbadoes by the 
upper current. The captain of a Bristol ship declared 
that on that occasion dust from St. Vincent's fell to the 
depth of five inches on the deck at the distance of 500 
miles to the eastward. Light clouds have frequentl|y 
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been seen moving rapidly fit>m west to east, at a vetjr 
great height above the trade-winds, which were sweep- 
ing along the surfiice of the ocean in a contrary direc- 
tion. lUins, ck>uds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and senerally much nearer to the surfiice of the 
eardi. They are owing to currents of sir running upon 
each other in horiaontal strata, and differing in their 
electric state, in temperature and moisture, as well as 
in velocity and direction. 

The monsoons are steady currents six months in du- 
ration, owing to diminished atmospheric pressore at each 
tropic alternately from the heat of the sun, thereby pro- 
ducing a regular alternation of north and south winds, 
which combining their motion with that of the earth en 
its axis become a north-east wind in the northern hem* 
isphere and a south-west in the southern ; the former 
Mows from April to October and the latter from October 
to ApriL The change from one to the other is at* 
tended by violent rains, with storms of thunder and 
lightning. From some peculiar conformation of the 
land and water, these winds are confined to the Arabiaa 
Ghilf, the Indian Ocean, and the China Sea. 

When north and south winds blow alternately, tii6 
wind at any place will veer in one uniform direetkm 
through every point of the compass, provided die one 
begins before Uie ether has ceased. In the northern 
hemisphere a north wind sets ontwith a smaller degree 
of rotatory motmi than the places have at which it sue* 
cessively arrives, consequently it passes through all the 
points of the compass mm N. to N. £. and E. A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatoiy velocity than the places have at which 
it successively arrives, so by the rotation of the earth it 
is deflected fix»m S. to S. W. and W. Now if the vane 
at any place should have veered frx>m the N. through 
N. E. to £., and a south wind should spring up, it woidd 
combine its motion with the former and cause the vane 
to turn successively from the E. to S. E. and S. But 
by the earth's rotation this south wind wiU veer to the 
6. W. and W., and if a north wind should now arise, it 
would combine \t^ motion with that of the west and 
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cause it to veer to tbe N. W. and N. Thus two alter- 
^nations of north and sonth wind will cause the vane at 
any place to go completely round the compass, from N. 
to E., S., W., and N. again. At the Royal Observatory 
at Greenwich, the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in the contrary 
direction. Although the general tendency of the wind 
may be rotatoiy, and is so in many instances, at least 
for part of the year, yet it is so often countei-acted by 
local circumstances, that the winds are in general veiy* 
irregular ; every disturbance in atmospheric equilibriutn 
from heat or any other cause producing a corresponding 
wind. The most prevalent winds in Europe are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
tioned. The law of the wind's rotation was noticed by 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes are those storms of wibd in which the 
portion of the atmo^here that forms them revolves in a 
horizontal circuit round a vertical or somewhat inclined 
axis of rotation, while the axis itself, and consequent^ 
the whole storm, is carried forward along the sunace of 
the globe, so that the direction in which the storm is 
advancing is quite different from the direction in which 
the rotatory current may be blowing at any point. In 
the West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, and 
are probably owing to a portion of the superior current 
of wind penetrating through the lower. By far the 
greater number ot Atlantic hurricanes have begui) 
eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in ai^ 
elliptical or paraboUc curve, having its vertex in or near 
the tropic ot Cancer, which marks the external limit of 
the trade-winds north of the equfttor. As the motion 
before it reaches the tropic is Ih a straight line from S. 
£. to N. W., and after it has passed it from S. W. to 
N. E., the bend of ^p ^ury? is tiimed toward Fiqril^ 
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been seen moring rapidly from west to ^st, at a very 
great height above the trade-winds, which were sweep- 
ing along the surfiice of tiie ocean in a contrary diree* 
tion. lUins, cbuds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and generally much nearer to the surfiice of the 
earth. They are owing to currents of sir running upon 
each other in horizontal strata, and differing in thehr 
electric state, in temperature and moisture, as well as 
in velocity and direction. 

The monsoons are steady currents dx months in du- 
ration, owing to diminished atmospheric pressure at each 
tropic alternately from the heat of the sun, thereby pro- 
ducing a regular alternation of north and south wuids, 
which combining their motion with that of the earth on 
its axis become a nortii-east wind in the northern hem- 
isphere and a south-west in the southern ; the former 
Mows from April to October and the latter from October 
to April. The change from one to the other is at* 
t-ended by violent rains, with storms of thunder aad 
lightning. From some peculiar conformation of the 
luid and water, these winds are confined to the Arabiaa 
Qulf, the Indian Ocean, and the China Sea. 

When north and south winds blow alternately, dia 
wind at any (dace will reer in one uniform direetioii 
through every pcnnt of the compass, provided die one 
begins before ibe ether has ceased. In the northern 
hemisphere a north wind sets out with a smaller degree 
of rotatory molmi than the places have at which it sno- 
cessirely arrives, consequently it passes through all the 
points of the compass fr^m N. to N. £. and £. A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatoiy velocity than the places have at which 
it successively arrives, so by the rotation of the earth it 
is deflected from S. to S. W. and W. Now if the vane 
at any place should have veered from the N. through 
N. E. to £., and a south wind should spring up, it woidd 
combine its motion with the former and cause the vane 
to turn successively from the £. to S. £. and S. But 
fay the earth's rotation this south wind wiU veer to the 
S. W. and W., and if a north wind should now arise, it 
would combine it<) motion with that of the west and 
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cause it to veer to the N. "W. and N. Thus two alter- 
/nations of north and sonth wind will cause the vane at 
any place to go completely round the compass, from N. 
to £., S., W., and N. again. At the Royal Observatory 
at Greenwich, the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in the contrary 
direction. Although the general tendency of the wind 
may be rotatoiy, and is so in many instances, at least 
for part of the year, yet it is so often counteracted by 
local circumstances, that the winds are in general very 
irregular ; every disturbance in atmospheric equilibriunol 
from heat or any other cause producing a corresponding 
wind. The most prevalent winds in Europe are the 
N. £. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
tioned. The law of the wind's, rotation was noticed by 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes are those storms of wibd in which the 
portion of die atmosphere that forms them revolves in 4 
horizontal circuit round a vertical or somewhat inclined 
axis of rotation, while the axis itself, and consequent^ 
the whole storm, is carried forward along the sunace of 
the globe, so that the direction in which the storm is 
advancing is quite different from the direction in which 
the rotatory current may be blowing at any point. In 
Ifce West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, iind 
are probably owing to a portion of the superior current 
of wind penetrating through the lower. By far the 
greater number of Atlantic hurricanes have begui) 
eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in ai^ 
elliptical or parabolic curve, having its vertex in or near 
the tropic ot Cancer, which marks the external limit of 
the trade-winds north of the equcitor. As the motion 
before it reaehes the tropic is ih a straight line from S. 
£. to N. W., and after it has passed it from S. W. to 
N. £., the bend of t^e cnrye is tiirned toward Floiil^ 


118 THB MONSOONS. 8Mrr. XT. 

been seen moving rapidly fit>m west to east, at a very 
great height above the trade-winds, which were sweep- 
ing along the sur&ce of the ocean in a contrary direc- 
tion. lUins, clouds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and generally much nearer to the surfiice of the 
earth. They are owing to currents of air running upon 
each other in horiaontal strata, and differing in their 
electric state, in temperature and moisture, as well as 
in velocity and direction. 

The monsoons are steady currents dx mondis in du- 
ration, owing to diminished atmospheric pressure at each 
tropic alternately from the heat of the sun, thereby pro- 
ducing a regular alternation of north and south winds, 
which combining their motion with that of the earth ^n 
its axis become a north-east wind in the northern hem- 
isphere and a south-west in the southern ; the former 
Mows &om April to October and the latter from Octobet 
to April. The change firom one to the other is at* 
tended by violent rains, with storms of thunder aad 
fightning. From some peculiar conformatioa of the 
luid and water, these winds are confined to the AralMaa 
Ghilf, the Indian Ocean, and the China Sea. 

When north and south winds blow alternately, dM 
wind at any {dace will veer in one uniform directioQ 
through every point of the compass, provided the one 
begins before l^e ether has ceased. In the northern 
hemisphere a north wind sets ovtwith a smaller degree 
of rotatory motioit than the {daces have at which it sno* 
cessirely arrives, consequently it passes through all the 
points of the compass £rem N. to N. £. and E. A cur- 
rent from the south, on the contrary, sets out with a 
greats rotatory velocity than the places have at which 
it successively arrives, so by the rotation of the earth it 
Is deflected firom S. to S. W. and W. Now if the vane 
at any place should have veered from the N. through 
N. E. to £.y and a south wind should spring up, it would 
combine its motion with the former and cause the vane 
to turn successively from the E. to S. E. and S. But 
by the earth's rotation this south wind wiU veer to Ihe 
6. W. and W., and if a north wind should now arise, it 
would combine it-t motion ^th that of the west and 
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cause it to veer to the N. W. and N. Thus two alter* 
^nations of north and south wind will cause the vane at 
any place to go completely round the compass, from N. 
to E., S., W., and N. again. At the Royal Observatory 
at Greenwich, the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in the contrary 
direction. Although the genera] tendency of the wind 
may be rotatoiy, and is so in many instances, at least 
for part of the year, yet it is so often counteracted by 
local circumstances, that the winds are in general very 
irregular ; every disturbance in atmospheric equilibriutn 
from heat or any other cause producing a corresponding 
Wind. The most prevalent winds in Europe are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
tioned. The law of the wind's, rotation was noticed b^ 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes are those storms of wihd in which the 
portion of the atmosphere that forms them revolves in % 
horizontal circuit round a vertical or somewhat inclined 
axis of rotation, while the axis itself, and consequent^ 
the whole storm, is carried forward along the sunace of 
the globe, so that the direction in which the storm is 
advancing is quite different from the direction in which 
the rotatory current may be blowing at any point. Ini 
the West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, and 
are probably owing to a portion of the superior current 
of wind penetrating through the lower. By far the 
greater number of Atlantic hurricanes have begui) 
eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in ai^ 
elliptical or paraboUc curve, having its vertex in or near 
the tropic ot Cancer, which marks the external limit of 
the trade-winds north of die equcitor. As the motion 
before it reaches the tropic is ih a straight hne frx)m S. 
£. to N. W., and after it has passed it from S. W. to 
N. E., the bend of t^^ ^rye is tiirned toward Flqril^ 
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and the Carolinas. In the southern hemisphere, the 
body of the storms moves in exactly the opposite direc<- 
tion. The hurricanes which originate south of the 
equator, and whose initial path is from N. £• to S. W., 
bend round at the tropic of Capricorn, and then bend 
from N. W. to S. E. 

The extent and velocity of these storms are great ; 
for instance, the hurricane that took place on the 12th 
of August, 1830, was traced from the eastward of the 
Caribbee Islands to the bank of Newfoundland, a distance 
of more than 3000 miles, which it passed over in six 
days. Although the hurricane of the 1st of September^ 
1821, was not so extensive, its velocity was greater, m 
it moved at the rate of 30 miles an hour : small storms 
are generally more rapid than those of greater dimen- 
sions. 

The action of these storms seems to be at first con- 
fined to the stratum of air nearest the earth, and then 
they seldom appear to be more than a mile high, 
though sometimes they are rused higher ; or even 
divided by a mountain into two separate storms, each of 
which continues its new path and gyrations with in- 
creased violence. . TMs occurred in the gale of the 25tb 
of December, 1821, in the Mediterranean, when the 
Spanish mountains and the Maritime Alps became new 
centers of motion. 

By the friction of the earth the axis of the storm, 
bends a little forward, so that the whirling motion begins 
in the higher redons of the atmosphere before it is felt 
on the earth. This causes a continual intermixture oi 
the lower and warmer strata of air with those that are 
higher and colder, producing torrents of rain and violent 
electric explosions. 

The rotation is dififerent in direction in different hemi- 
spheres, though always alike in the same. In the 
northern hemisphere the gyration is contrary to the 
movement of the hands of a watch, that is to say, tbn> 
wind revolves from east round through the north to the 
west, south and east again ; while in the southern hemi- 
sphere, the rotation a^ut the axis of the storm is in the 
contrary direction. 

The breadth of the whirlwind is greatly augmented 
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when the patii of the storm changes on crossing Ihe 
tropic. The vortex of a storm has covered an extent of 
the surface of the globe 500 mUes in diameter. 

The revohing motion accounts for the sudden and 
violent changes observed during hurricanes. In conse- 
quence of the rotation of the air, the wind blows in op- 
posite directions on each side of the axis of the storm, 
and the violence of the blast increas^es from the circum- 
fwence toward the ^center of gyration, but in the center 
itself the air is in repose : hence, when the body of the 
storm passescover a place, the wind begins to blow mod- 
erately, and increases to a hurricane as the centw of 
the whirlwind approaches ; then, m a moment, a dead 
and awful calm succeeds, suddenly followed by a re- 
newal of the storm in all its violence, but now blowing 
in a direction diametrically opposite to its former course. 
This happened at the Island of St. Thomas,^ on the 2d 
of August, 1837, where the hurricane increased in vio- 
lence till half-past seven in the morning, when perfect 
stillness took place for forty minutes, after which the 
storm reconmienced in a contrary direction. 

The sudden fall of the mercury in the barometer in 
the regions habitually visited by hurricanes is a certain 
indication of a coming tempest. In consequence of the 
centrifugal force of these rotatory storms the air be- 
comes rarefied, and as the atnoosphere is disturbed to 
some distance beyond the actual circle of gyration or 
limits of the storm, the barometer often sinks some 
hours before its arrival, from the original cause of the 
rotatory disturbance. It coht;inues sinking under the 
first half of the hurricane, and again rises during the 
passage of the latter half, though it does not attain its 
greatest height till the storm is over. The diminution 
of atmospheric pressure is greater and extends over a 
wider area in the temperate zones than in the torrid, 
on account of the sudden expansion of the circle of rota- 
tion when the gale crosses the tropk;. 

As the fall of the barometer gives warning of the ap- 
proach of a hurricane, so the laws Of the storm's mo- 
tion afi[brd to the seaman the knowledge to guide him in 
avoiding it. In the northern temperate zone, if the gale 
begins from the S. £* and veers by S. to W; the Mv 
> L 
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bden seen moving rapidly from west t» ^st) at a verjr 
great height above the trade-windd, which were sweep- 
ing akmg the sur&ce of the ocean in a contrary direc- 
tion. lUins, clouds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and ffoneraUy much nearer to the anrfiice of the 
earth. They are owing to currents of air running upon 
each other in horizontal strata, and differing in their 
electric state, in temperature and moisture, as well as 
in velocity and direction. 

The monsoons are steady currents six months in du- 
ration, owing to diminished atmospheric pressure at each 
tropic alternately from the heat of the sun, thereby pro- 
ducing a regular alternation of north and south wiadi, 
which combining their motion with that of the eaith on 
its axis become a nortii-east wind in the northern hem- 
isphere and a south-west in the southern ; the formtt 
Mows from April to October and the latter from Octobet 
to ApriL The change from one to the other is at* 
tended by violent rains, with storms of thunder aad 
fightning. From some peculiar conformation of the 
liuid and water, these winds are confined to the Arabiaa 
Ghilf, the Indian Ocean, and the China Sea. 

When north and south winds blow altematelyt dM 
wind at any (dace will veer in one uniform direetton 
through every point of the compass, provided the one 
begins before the ether has ceased. In the northern 
hemisphere a north wind sets ovtwitii a smaller degree 
of rotatory motmi than the places have at which it suc- 
cessively arrives, consequently it passes through all the 
points of the compass £rem N. to N. £• and £. A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatory velocity than th» places have at which 
it successively arrives, so by the rotation of the earth it . 

is deflected from S. to S. W. and W. Now if the vane n 

at any place should have vemred from the N. through 
N. E. to £.y and a south wind should spring up, it woidd 
combine its motion with the former and cause the vane 
to turn successively from the E. to S. E. and S. But 
by the earth^s rotation this south vnnd wiU veer to the 
6. W. and W., and if a north wind should now arise, it 
would combine its motion with that of the west and 
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causd it to veer to the N. AV. and N. Thus two alter- 
^nations of north and south wind wiU cause the vane at 
any place to go completely round the compass, from N. 
to E., S., W., and N. again. At the Royal Observatory 
at Greenwich, the wina accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in the contrary 
direction. Although the general tendency of the wind 
may be rotatoiy, and is so in many instances, at least 
for part of the year, yet it is so often counteracted by 
local circumstances, that the winds are in general very 
irregular ; every disturbance in atmospheric equilibriunol 
from heat or any other cause producing a corresponding 
wind. The most prevalent winds in Europe are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
Isoned. The law of the wind's rotation was noticed b;^ 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes are those storms of wibd in which the 
portion of the atmosphere that forms them revolves in 4 
horizontal circuit round a vertical or somewhat inclined 
axis of rotation, while the axis itself, and consequentbf^ 
the whole storm, is carried forward along the sunace of 
the globe, so that the direction in which the storm is 
advancing is quite different from the direction in which 
the rotatory current may be blowing at any point. In 
the West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, and 
are probably owing to a portion of the superior current 
of wind penetrating through the lower. By far the 
greater number of Atlantic hurricanes have beguQ 
eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in ai^ 
elliptical or paraboUc curve, having its vertex in or near 
the tropic oi Cancer, which marks the ext^nial limit of 
the trade-winds north of the equator. As the motion 
before it reaches the tropic is ih a straight line from 8. 
£. to N. W., and afiter it has passed it from S. W. to 
N. £., the bend of t^^ ^rye is tiirned toward Fiqril^ 
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iDdependent of die extent of the osdllations of each in* 
dmdual ear, though both take place in the same direc- 
tion. The length of a wave is equal to the space be- 
tween two ears precisely in the same state of motion, 
or which are moving similarly, and the time of the vi- 
bration of each ear is equal to that which elapses be- 
tween the arrival of two successive waves at the same 
point. The only difference between the undulations of 
a corn-field and those of the air which produce sound 
is, that each ear of com is set in motion by an external 
cause and is uninflnenced by the motion of the rest; 
whereas in air, which is a compressible and elastic fluid, 
when one particle begins to oscillate, it communicates 
its vibrations to the surrounding particles, which trans- 
mit them to those adjacent, and so on continually. 
Hence from the successive vibrations of the particles of 
air the same regular condensations and rarefactions take 
place as in the field of corn, producing waves through- 
out the whole mass of air, though each molecule, like 
each individual ear of corn, never moves far from its 
state of rest. The small waves of a liquid and the un- 
dulations of the air like waves in the com, are evidently 
not real masses moving in the direction in which they 
are advancing, but merely outlines, motions, or forais 
passing along, and comprehending all the particlesof an 
undulating fluid which are at once in a vibratory state. 
It is thus that an impulse given to any one point of the 
atmosphere is successively propagated in all directions, 
m a wave diverging as from the center of a sphere to 
greater and greater distances, but with decreasing in- 
tensity, in consequence of the increasing number of par- 
ticles of inert matter which the force has to move ; like 
the waves formed in still water by a falUng stone, which 
are propagated circularly all around the center of dis- 
turbance (N. 156). 

The intensity of sound depends upon the violence 
and extent of the initial vibrations of air ; but whatever 
they may be, each undulation when once formed can 
only be transmitted straight forward, and never returns 
back again unless when reflected by an opposing ob- 
stacle. The vibrations of the aSrial molecules are al- 
ways extremely small, whereas the waves of sound 
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¥Biy from a few inches to severat feet. The TarioiM 
musieal iDstniments, the human voice and that of ani- 
mals, the singing of birds, the hum of insects, the rocu* 
of the cataract^ ue whistling of the wind, and the other 
nameless peculiarities of sound, show at once an infinite 
variety in the modes of atrial vibration, and the aston- 
ishing acuteness and delicacy of the ear, thus capable of 
appreciating the minutest differences in the laws of 
molecular oscillation. 

All mere noises are occasioned by irregular impulses 
communicated to the ear, and if they be short, sadden, 
and repeated beyond a certain degree of quickness, the 
ear loses the intervals of silence and the sound appears 
continuous. Still such sounds will be mere noise : in 
order to produce a musical sound, the impulses, and 
consequently the undulations of the air must be all ex- 
actly siniilar in duration and intensity, and must recur 
after exactly equal intervals of time. If a blow be given 
to the nearest of a series of broad, flat, and equidistant 
palisades set edgewise in a line direct from the ear, 
each patisade will repeat or echo the sound ; and these 
echoes returning to the ear at successive equal intervals 
of time will produce a musical note. The quality of a 
musical note depends upon the abruptness, and its in- 
tensity upon the violence and extent of the original im- 
pulse. In the theory of harmony the only property of 
sound taken into consideration is the pitch, which varies 
with the rapidity of the vibrations. The grave or low 
tones are produced by very slow vibrations* which in- 
crease in frequency as the note becomes more acute 
Very deep tones are not heard by all alil^e, and Dr. Wol- 
laston, who made a variety of experiments on the sense 
of hearing, found that many people though not at all 
deaf are quite insensible to the cry of the bat or the 
cricket, while to others it is painfuUy shrill. From his 
experiments he concluded tluit human hearing is limited 
to about nine octaves, extending from the lowest note of 
the organ to the highest known cry of insects ; and he 
observes with his usual originality that, **as there is 
nothing in the nature of the atmosphere to prevent the 
existence of vibrations incomparably more frequent than 
any of which we are conscious, we may imagine thac 

l2 


T 


190 KsmmMxrmoit m. s^^art. jmt. Km 


ftaimals like the GryHi, whofs powers appear to 
mence nearly where ours terminatet nay have the fiie*- 
ulty of hearing still sharper sounds which we do not 
imow to exist, and that there may be other insects hear- 
ing nothing in common with us, but endowed with a 
power of exciting, and a sense which perceives vibn^ens 
of the same nature indeed as those which constitute our 
ordinary sounds, but so remote that the animals who 
perceive them may be said to possess another sense, 
agreeing with our own solely in the medium by which 
it is excited. 

M. Savart, so weH known for the number and beanly 
of his researches in acoustics, has proved that a higk 
note of a given intensity being heard by some ears and 
not by others, must not be attributed to its pitch, but to 
its feebleness. His experiments, and those more re- 
oently made by Professor Wheatstone, show, that if the 
pulses could be rendered sufficiently powerful, it would 
be difficult to fix a limit to human hearing at either end 
of the scale. M. Savart had a wheel nonde about nine 
inches in diameter with 360 teeth set at equal distanees 
ifound its rim, so that while in motion each tooth sue- 
oessively hit on a piece of card. The tone increased in 
pitch with the rapidity of the rotation, and was very 
pure when the number of strokes did not exceed three 
or four thousand in a second, but beyond that it became 
feeble and indistinct With a wheel of a larger size a 
much higher tone could be obtained, because the teeth 
being wider apart the blows were more intense and 
more separated from one another. With 720 teeth on 
a wheel thirty-two inches in diameter, the sound pro- 
duced by 12,000 strokes in a second was audible, which 
corresponds to 24,000 vibrations of a musical chord. So 
that the human ear can appreciate a sound which only 
lasts the 24,000th part of a second. This note was dis- 
tinctly heard by M. Savart and by several people who 
were present, which convinced him that with another 
apparatus still more acute sounds might be rendered 
audible. 

For the deep tones M. Savart employed a bar of iron* 
two feet eight inches long, about two inches broad, and 
half an inch in thickness, wluch revolved about its center 
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M if il» vtumi W9t9 the tpoket of a ivheeL Whan mieh 
a machine rotates it impresses a motion on the air simi^ 
]ar to its own, and when a thin board or card is brought 
close to its extremities, the current of air is moment^ 
arily interrupted at &e instant each arm of the bar 
passes before the card ; it is compressed above the card 
and dilated b^low ; but the instant the spoke has passed, 
a rash of air to restore equilibrium makes a kind of ex- 
plosi<»i, and whon these succeed each other rapidly^ a 
musical note is produced of a pitch proportional to the 
velocity of the revolution. , When M. Savart turned this 
bar slowly a succession of single beats was heard; as 
the velocity became greater the sound was only a rattle $ 
but as soon as it was sufficient to givo eight beats in a 
second, a very deep musical note was distinctly audible, 
ccHTesponding to sixteen single vibrations in a second, 
which is the lowest that has hitherto been produced. 
When the velocity of the bar was much increased the 
intensity of tho sound was hardly bearable. The spokes 
of a revolving whe^l produce the aensAtion of sound, on 
th^ ?9iy sam^ principle that a burning stack whirled 
round give^ the impiression of a laminoiu circle. The 
vibrations excited in the organ of hearing by one beat 
have not ceased before another impulse is given. In^ 
d^ed it is indispensable that the impressions made upon 
the auditory nerves should encroach upon each other in 
order to produce a full and continued note. On the 
whole, M. Savart has come to the conclusion, that the 
most acute sounds would be heard with as much ease 
Bs those of a lower pitch, if the duration of the sensation 
produced by each pulse could be diminished proportion*- 
ally to the augmentation of the number of pulses in a 
given time : and on the contrary, if the duration of the 
sensation produced by each pulse could be increased in 
proportion to their number in a given time, that the 
deepest tones would be as audible as any of the others. 

The velocity of sound is uniform and independent of 
the nature, extent, and intensity of the primitive dis^ 
turbance. Consequently sounds of every quality and 
pitch travel with equal speed. The smallest difference 
in their velocity is incompatible either with harmony or 
melody, for notes of different pitches and intensities 
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wnnded togedier at a ^tde distance, would anive at liie 
ear in different times. A rapid succession of notes 
would in this case produce confusion and discord. But 
as the rapidity with which sound is transmitted depends 
upon the elasticity of the medium through which it has 
to pass, whatever tends to increase the elasticity of the 
air must also accelerate the motion of sound. On that 
account its velocity is greater in warm than in cold 
weather, supposing the pressure of the atmosphere con- 
stant. In dry air at the freezing- temperature, sound 
travels at the rate of 1090 feet in a second, and for any 
higher temperature one foot must be added for every 
degree of the thermometer above 32° ; hence . at 62^ of 
Fahrenheit its speed in a second is 1120 feet, or 765 
miles an hour, vi^iich is about three-fourths of tJie diur- 
nal velocity of the earth's equator. Since all the ph&< 
nomena of the transmission of sound are simple conse* 
quences of the physical properties of the air, they have 
been predicted and computed rigorously by the laws of 
mechanics. It was found, however, that the velocity of 
sound determined by observation, exceeded what it ought 
to have been theoretically by 173 feet, or about one-sixth 
of the whole amount. La Place suggested that this dis- 
crepancy might arise from the increased elasticity of the 
air in consequence of a development of latent heat (N. 
173) during the undulations of sound, and calculation 
confirmed the accuracy of his views. The atrial mole ■ 
cules being suddenly compressed give out their latent 
heat ; and as air is too bad a conductor to carry it rap- 
idly off, it occasions a momentary and local rise of tem- 
perature which, increasing the elasticity of the air 
without at the same tame increasing its inertia, causes 
the movennent to be propagated more rapidly. Analysis 
gives the true velocity of sound in terms of the elevation 
'if temperature that a mass of air is capable of commu- 
nicating to itself, by the disengagement of its own latent 
heat when suddenly compressed in a giv^n ratio. This 
change of temperature however could not be obtained 
directly by any experiments which had been made at 
that epoch ; but by inverting tie problem and assuming 
the velocity of sound as given by experiment, it was 
eomputed Uiat the temperature of a mass of air is raised 
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nine-tenths of a degree when the compression is equal 
to yJ^ of its volume. 

Frobably all liquids are elastic, though considerable 
force is required to compress them. Water suffers a 
condensation of nearly 0*0000496 for every atmosphere 
of pressure, and is consequently capable of conveying 
sound even more rapidly than air, the velocity in the for- 
mer being 4708 feet in a second. A persou under water 
hears sounds made in air feebly, but those produced in 
water very distinctly. According to the experiments of 
M. Colladon, the sound of a beU was conveyed under 
water through the Lake of Geneva to the distance of 
about nine miles. He also perceived that the progress 
of sound through water is greatly impeded by the inter- 
position of any object, such as a projecting wall ; conse- 
quently sound under water resembles li^t in having a 
distinct shadow. It has much less in air, being trans- 
mitted all round buildings or other obstacles^ so as to be 
heard in every direction, though often with a consid- 
erable diminution of intensity, as when a carriage turns 
the comer of a street. 

The velocity of sound in passing through solids is in 
proportion to their hardness, and is much greater than 
in air or water. A sound which takes some time in trav- 
eling through the air passes almost instantaneously along 
a wire six hundred feet long ; consequently it is heard 
twice— first as communicated by the wire and after- 
ward through the medium of the air. The facility 
with which ttke vibrations of sound are transmitted along 
tihe grain of a k^ of wood is weU known. Indeed they 
pass through iron, glass, and some kinds of wood, at the 
rate of 18,530 feet in a second. The velocity of sound 
is obstructed by a variety of circumstances, such as fall- 
ing snow, fog, rain, or -any other cause which disturbs 
the homogeneity of the medium through which it has 
to pass. M. de Humboldt says that it is on account of 
the greater homogeneity of the atmosphere during the 
night that sounds are then better heara than during the 
'day, when its density is perpetuaUy changing from par- 
tial variations of temperature. His attention was ciUled 
to this subject on the plain surrounding the Mission of 
the Apures by tiie rushing noise of the great cataracts 
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of tfa« OroBOCO, which seemed to be three times as loiid 
by night as by day. This he illustrated by experiment. 
A tall glass half full of champaigne cannot be made to 
ring as long as the effervescence lasts. In order to pro- 
duce a musical note the glass together with the liquid it 
contains must vibrate in unison as a system, which it 
cannot do in consequence of the fixed air rising through 
the wine and disturbing its homognpeityf because the 
vibrations of the gas being much slower than those of 
the tiquid the velocity of the sound is perpetually inter- 
rupted. For the same reason the transmission of sound 
as well as light is impeded in passing through an atmos- 
phere of variable density. Sir John Herschel, in his 
admirable Treatise on Sound, thus explains the pbe^ 
nomenon: — **It is obvious," he says, "that sound aa 
well as light must be obstructed, stified, and dissipated 
firom its original direction by the mixture of air of differ- 
ent temperatures, and consequently elasticities; and 
ikkUA the same cause whidi produces that extreme 
transparency of the air at night, which astronomers 
alone fully appreciate, renders it also more favorable to 
sound. There is no doubt, however, that the universal 
and dead silence, generally prevalent at night, renders 
our auditory nerves sensible to impressions which would 
otherwise escape notice. The analogy between sound 
and light is perfect in this as in so many other respects. 
In the general light of day the stars disappear. In the 
continual hum of vokes, which is always j;oiDg on by 
day, and which reach us from all quarters and nevei 
leave the ear time to attain complete tranquillity, those 
feeble sounds which catch our attention at night make 
no impression. The ear, like the eye, requires long 
and perfect repose to attain its utmost sensibility." 

Many instances maybe brought in proof of the strength 
and clearness with which sound passes over the surface 
of water or ice. Lieutenant Foster was able to cany 
on a conversatifm across Fort Bowen harbor, when fro- 
sen, a distance of a mile and a half. 

The intensity of sound depends upon the extent of 
the excursions of the fluid molecules, on the energy of 
the transient condensations and dilatations^ and on the 
greater or less number of particles wfo'sA experienop 
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^bese effeels. We estimate that inten^ily by the im* 
petoB of these finid molecules on our wgans, which is 
consequently as the square of the velocity, and not by 
their inertia, which is as the simple velocity. Were 
the latter the case there would be no^ound, because the 
inertia of the receding waves of air would destroy the 
equal and opposite inertia of those advancing ; whence 
it may be concluded that the intensity of sound dimin- 
ishes inversely as the square of the distance fromit» 
origin. In a tube, however, the force of sound does 
not decay as in open air, unless perhaps by friction 
against tiie sides. M. Biot found from a number of 
highly interesting experiments made on the pipes of the 
aqueducts in Paris, that a continual conversation could 
be carried on in the lowest possible whisper, through 
a , cylindrical tube about 3120 feet long, the time ai 
transmission through that space being 2*79 seconds. In 
most cases sound diverges in all directions so as to oc- 
cupy at any one tiroe a spherical surface ; but Dr. Young 
has shown that there are exceptions, as for example 
when a flat surface vibrates only in one direction. The 
sound is then most intense when the ear is at right an- 
cles to the sur&ce, whereas it is scarcely audible in a 
direction precisely perpendicular to its edge. In this 
ease it is impossible that the whole of the surrounding 
air can be affected in the same manner, since the particles 
behind the sounding surface must be moving toward it, 
whenever the particles before it are retreating. Hence 
in one half oi the surrounding sphere of air its motions 
are retrogade, while in the ot^ep half they are direct ; 
ccmsequently at the edges where these two portions 
meet, the motions of the air will neither be retrograde 
nor direct^ and therefore it must be at rest. 

It appears from theory as well as daily experience, 
that sound is capable of reflection from sur&ces (N. 174) 
according to the same laws as light. Indeed any one 
who has observed the reflection of the waves m>m a 
wall on the side ofs, river after the passage of a steam- 
boat, wiU have a perfect idea of the reflection of sound 
and of li^t. As every substance in nature is more or 
less elastic, it may be agitated according to its own law 
by the impulse of a mnss of undtdating air ; and rocip- 
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rocally liie snrfoce by its reaction will oomimiDieate its 
undul8tk>D8 back again into the air. Such reflections 
produce echoes, and as a series of them may take place 
between two or more obstacles, each will cause an echo 
of the original sound, growing fainter and fainter till it 
dies away; because sound, like light, is weakened by 
reflection. Should the reflecting surface be coocave 
toward a person, the sound will converge toward him 
with increased intensity, which will be greater still if 
the suiface be spherical and concentric with him. Un- 
dulations of sound diverging from one focus of an ellip- 
tical shell (N. 175) converge in the other after reflec- 
tion. Consequently a sound from the one will be heard 
in the other as if it were close to the ear. The rolling 
noise of thunder has been attributed to reverberation 
between (Afferent clouds, which may possibly be the 
case to a certain extent. Sir John Herschel is of opin- 
ion, that an -intensely prolonged peal is probably owing 
to a combination of sounds because the velocity of elec- 
tricity being incomparably greater than that of sound, 
the tiiunder may be regarded as originating in every 
point of a flash of lightning at the same instant. The 
sound from the nearest point win arrive first, and if the 
flash run in a direct line from a person^ the noise wiO 
come later and later from the remote points of its path 
in a continued roar. Should the direction of the flash 
be inclined,^ the succession of sounds will be more rapid 
and intense, and if the lightning describe a circular curve 
round a person, the sound will arrive from eveiy point 
at the same instant with a stunning crash. In like 
manner the subterranean noises heard during earth- 
quakes like distant thunder, may arise from the conse- 
cutive arrival at the ear of undulations propagated at the 
same instant from nearer and more remote points ; or 
if they originate hi the same point, the sound may 
come by difierent routes through strata of difierent den- 
sities. 

Sounds under water are heard very distinctly in the 
air immediately above; but the intensity decays With 
great rapidity as the observer goes farther off, and is 
idtogether inaudible at the distance of two or three 
huiMlred yards. So that waves of sound, like those of 
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light, ia pasaing from a dense to a rare medium, are not 
only refracted, but suifer total reflection at very oblique 
incidences (N. 184). 

The laws qf interference extend also to sound. It it 
clear that two equal and similar musical strings will be 
in unison, if they communicate the same number of 
vibrations to the air in the same time. But if two such 
strings be so nearly in unison, that one performs a hun- 
dred vibrations , in a second, and the other a hundred 
and one in the same period--^uring the first few vibra- 
tions, the two resulting sounds will combine to form one 
of double the intensity of either, because the atrial waves 
will sensibly coincide in time and place ; but one will 
gradually gain on the other till at the fiftieth vibration it 
will be hafi* an oscillation in advance. Then the waves 
of air which produce the sound being sensibly equal, but 
the receding part of the one coinciding with the advan- 
cing part of the other, they will destroy one another and 
occasion an instant of silence. The sound will be re- 
newed immediately after, and will gradually increase 
till the hundredth vibration, when the two waves will 
combine to produce a sound double the intensily of either. 
These intervals of silence and greatest intensity, called 
beats, will recur every second ; but if the notes difTei 
much from one another the alternations will resemble a 
rattle ; and if the strings be in perfect unison there vnl] 
be no beats, since there will be no interference. Thus 
by interference is meant the coexistence of two undula- 
tions in which the lengths of the waves are the same. 
And as the magnitude of an undulation may be dimin* 
ished by the addition of another transmitted in the same 
direction, it follows that one undulation m^ be abso- 
lutely destroyed by another when waves of the same 
]eng& are transmitted in the same direction, provided 
that the maxima of the undulations are equal, and that 
one follows the other by half the length of a wave. A 
tuning-fork affords a good example of interference. 
When that instrument vibrates, its two branches alter- 
nately recede fix)m and approach one another ; each 
communicates its vibrations to the air, and a musical 
note is the consequence. If the fork be held upright, 
ftboutafoot from the ear, and turro/l i-ound its axis white 
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i^rftfiBg, at ereiy mtarter rsvohitioii the souiid will 
scarcely be heard, wMe at the iBtennediate pmntB it 
will be strong and dear. This phenomenon ariMf 
from the inteHerence of the andalations of air coming 
from the two branches' of the fork. When the twc 
branches coincide, or when thej are at equal distancet 
from the ear, the waves of air combine to reinforce each 
other; but at liie quadrants, where the two bruiches 
are at unequal distances from the ear, the lengths of (he 
waves differ by half an undulation, and consequently 
destroy one another. 


Section XVII. 


Vibntion of Mniie«l Stringf— Hanaoaio Soanda— No dai V itwnrtion of Air 
in Wind Instramenta— vibration of Solids— Vibmtinf Plates— Bells- 
Harmony — Sounding Board*— Forced Vibrations— Resonance — Speakinf 
Machines. 

When the particles of elastic bodies are sudden^ 
disturbed by an impulse, they return to their natural 
position by a series of isochronous vibrations, whose 
rapidity, force, and permanency depend upon the elas- 
ticity, the form, and the mode of aggregation which 
unites the particles of the body. These osciHatioas tace 
communicated to the air, and on account of its elasticity 
they excite alternate condensations and dilatations in 
the strata of the fluid nearest to the vibrating body ; 
from thence they are propagated to a distance. A string 
or wire stretched between two pins, when drawn aside 
and suddenly let go, will vibrate till its own rigidity and 
the resistance of the air reduce it to rest. These oscil- 
lations may be rotatory in every plane, or confined to one 
plane, according as the motion is communicated. In the 
piano^forte, where the strings are struck by a hammer 
at one extremity, th^ vibrations probably consist of a 
bu^e running to and fro from end to end. Different 
modes of vibration may be obtained from the same so- 
norous body. Suppose a vibrating string to give the 
lowest C of the piano-forte, which is the fundamental 
note of the string ; if it be lightly touched exactly in the 
middle so as to retain that point at rest, each naif will 
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then YibrAte twiee as fast m the whole, but in opponlft 
directions ; the ventral or buying segments win be alter*- 
nately above and below the natural position of the string, 
and the resulting note will be the octave above C. When 
a point at a thira of the length of the string is kept at 
rest, the vibrations will be three times as fast as those 
of the whole string, and wUl give the twelfth above C. 
When the point of rest is one fourth of the whole, tihe 
oscillations will be four times as fast as those of the fun- 
damental note, and will give the double octave \ and so 
on. These acute sounds are called l^e harmonics of 
the fondamental note. It is clear from what has been 
stated, that the string thus vibrating could not give these 
harmonics spontaneously unless it divided itself at its 
aliquot parts into two, three, four, or more segments in 
opposite states of vibration separated by points actually 
at rest. In proof of this, jneces of paper placed on the 
string at the haU^ third, fourth, or other aliquot pmnts 
acco»iing to the corresponding harmonic sound, will re^ 
main on it during its vibration, but will instantly fly off 
from any of the intermediate ]W>ints. The points of 
rest called the nodal points of the string, are a mere 
consequence of t^e law of interferences. For if a rope 
fastened at one end be moved to and fro at the other 
extremity so as to transmit a succession of equal waves 
along it, they will be successively reflected when t^ey 
arrive at the other end of the rope by the fixed point, 
and in returning they will occasionally interfere with 
the advancing waves ; and as these opposite imdulations 
will at certain points destroy one another, the point of 
the irope in which this happens will remain at rest. 
Thus a series of nodes and ventral segments will be 
produced, whose number will depend upon the tension 
and the frequency of the alternate motions communi* 
cated to the movable end. So when a string fixed at 
both ends is put in motion by a sudden blow at any point 
of it, the primitive impulse divides itself into two pulMS 
running opposite ways, which are each totally reflected 
at the extremities, and running back again along the 
whole length are again reflected at the other ends. And 
thus they will continue to run backward and forward, 
crossing one another at each traverse, and occasionally 
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interfering, so as to produce nodes ; so that die molion 
of a string festened at both ends consists of a wave or 
pulse, continually doubled beck on itself by reflection at 
the fixed extremities. 

Harmonics generally coexist with the fundamenta 
sound in the same vibrating body. If one of the lowest 
strings of tiie piano-forte . be struck, an attentive ear 
will not only hear the fundamental note, but will detect 
all the otiiers sounding along with it, though with less 
and less intensity as their pitch becomes higher. Ac- 
cording to the law of coexisting undulations, the whole 
strmg and each of its aliquot parts are in different and 
independent states of vibration at the same time ; and 
as aU the resulting notes are heard simultaneously, not 
only the air but the ear also vibrates in unison with 
each at the same instant (N. 176). 

Harmony consists in an agreeable combination of 
sounds. When two chords perform their vibrations in 
the same time, they are in unison. But wheu their 
vibrations are so rented as to have a common period 
after a few oscillations they produce concord. Thus 
when the vibrations: of two strings, bear a very simple 
relation to each other, as where one of them makes 
two, three, foUr, &c. vibrations in the time the other 
makes. one ; or if it accomplishes three, four, &o. vibra- 
tions while the other makes two, the restdt is a concord 
which is the more perfect the shorter the common 
period. In discords, oo the cootraiy, the beats are 
distinctly audible, which produces a disagreeable and 
harsh effect, because the vibrations do not bear a simple 
relation to one another, as where one of two strings 
makes ei^t vibrations while the other accomplishes 
fifteen. The pleasure afforded by harmony is attributed 
by Dr. Young to the love of order, and to a predilection 
for a regular repetition of sensations natural to the 
human mind, which is gratified by the perfect regularity 
and rapid recurrence of the vibrations. The love of 
poetry and dancing he conceives to arise in some degree 
from the rhythm of the one and the regularity of the 
motions in the other. 

A blast of air passing over the open end cf a tube, as 
over the reeds in Pan's pipes ; over a hole in one side. 
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«s in the flute; or through the aperture called a reed 
with a flexible tongue, as in the clarinet, puts the inter- 
ned solumn of air into longitudinal vibrations by the 
alternate condensations and rarefactions of its particles. 
At the same time the colunm spontaneously divides 
itself into noded between which the air also vibrates 
longitudinally, but with a rapidity inversely proportional 
to the leng^ of the divisions, giving the fundamental 
note or one of its harmonics. The nodes are produced 
on the principle of interferences by the reflection of the 
longitudinal undulations of the air at the ends of the 
pipe, as in the musical string, only that in one case the 
undulations are longitudinal, and in the other transverse. 
A pipe either open or shut at both ends when 
sounded vibrates entire, or divides itself spontaneously 
into two, three, four, &c. segments separated by nodes. 
The whole column gives the fundamental note by 
waves or vibrations of the same length with the pipe 
The first harmonic is produeed by waVes half as long as 
the tube, the second harmonic by waves a third as long, 
and so on.. The harmonic segments in an open and 
shut pipe are the same in number, but differently 
placed. In a shut pipe the two ends are nodes, but in 
an open pipe there is half a segment at each extremity, 
because the air at these points is neither rarefied nor 
condensed, being in contact with that which is external. 
If one of the ends of the open pipe be closed, its funda- 
mental note will be an octave lower, the air will now 
divide itself into three, five, seven, &c. segments ; and 
the wave producing its fundamental note will be twice 
as long as the pipe, so that it will be doubled back 
(N. 177). All these notes may be produced separately, 
by varying the intensity of the blast. Blowing steadily 
and gently, the fundamental note will sound ; when the 
force of ihe blast is increased, the note will all at once 
start up an octave ; when the intensity of the wind is 
augmented, the twelfth will be heard, and by continuing 
to increase the force of the blast the other harmonics 
may be obtained, but no force of wind will produce a 
note intermediate between these. The harmonics of a 
flute may be obtained in this manner, from the lowest 
C or D upward, without altering the fingering, merely 
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by increasing l3ie intennty of tlie blast, and altering tkf 
form of the lips. Pipes of tlie same dimensions, 
whether of lead, glass, or wood, give the same tone as tt 
pitch under the same circumstaoces, which shows that 
the air alone produces the sound. 

Metal springs listened at one end, when forcibly 
bent, endeavor to return to rest by a series of ribrations, 
which give veiy pleasing tones, as in musical boxes. 
Various musical instiniments have recently been con- 
structed, consisting of metallic springs thrown into ribra* 
tion Inr a current of air. Among the most perfect of these 
are Mr. Wheatstone*s Symphonion, Concertina, and i£o- 
lian Organ, instruments ofdifferent effects and capabilities, 
but all possessing considerable execution and expression. 

The Syren is an ingenious instrument, devised by M. 
Cagniard de la Tour, for ascertaining the number <tf 
pulsations in a second corresponding to each pitch : the 
notes are produced by jets of air passing through small 
apertures arranged at regular distances in a circle on 
the side of a box, before which a disc revohes pierced 
with the same number of holes. During a revolution 
of the disc the currents are alternately intercepted and 
allowed to pass as many times as there are apertures ir 
it, and a sound is produced whose pitch depends on the 
velocity of rotation. 

A glass or metallic rod, when struck at one end, or 
rubbed in the direction of its length with a wet finger, 
vibrates longitudinally like a column of air, by the alter- 
nate condensation and expansion of its constituent par- 
ticles, producing a clear and beautiful mui^cal note ot 
a high pitch, on account of the rapidity with which 
these substances transmit sound. Rods, surfaces, and, 
in general, all undulating bodies, resolve themselves into 
nodes. But in surfaces, the parts which remain at rest 
dur'mg their vibrations are lines, which are curved or 
plane according to the substance, its form, and the mode 
of vibration. If a little 6ne dry sand be strewed over 
the sur^Euse of a plate of glass or metal, and if undula* 
tions be excited by drawing the bow of a violin across 
its edge, it will emit a musical sound, and the sand 
wiU immediately arrange itself in the nodal lines, where 
alone it will accumulate and remain at rest, because the 
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segments of the surface on each side will be in different 
states of vibration, the one being elevated whOe the 
other is depressed ; and as these two motions meet in 
the nodal Imes, they neutralize one another. These 
lines vary in form and position with the part where the 
bow is drawn across, and the point by which the plate 
is held. The motion of the sand shows in what direc- 
tion the vibrations take place. If they be perpendicular 
to the surface, the sand will be violently tossed up and 
down, till it finds the points of rest. If they be tan- 
gential, the sand will only creep along the surface to 
the nodal lines. Sometimes the undulations are oblique, 
or compounded of both the prece<]Qng. If a bow be 
drawn across one of the angles of a square plate of glass 
or metal held firmly by the center, the sand will ar- 
range itself in two straight lines parallel to the sides of 
the plate, and crossing in the center so as to divide it 
into four equal squares, whose motions will be contrary 
to each other. Two of the diagonal squares will make 
their excursions on one side of tihe plate, while the 
other two make their vibrations on the other side of it. 
This mode of vibration produces the lowest tone of the 
plate (N. 178). If the plate be still held by the center, 
and the bow applied to the middle of one of the sides, 
the vibrations will be more rapid, and the tone will be a 
fifth higher than in the preceding case ; now the sand 
will arrange itself from comer to corner, and will divide 
the plate into four equal triangles, each pair of which 
will make their excursions on opposite sides of the 
plate. The nodal lines and pitch vary not only with 
the point where the bow is applied, but with the point 
by which the plate is held, which being at rest, neces- 
sarily determines the direction of one of the quiescent 
lines. The forms assumed by the sand in square 
plates are very numerous, corresponding to all the va- 
Hous modes of vibration. The lines in circular plates 
are even more remarkable for their symmetry, and 
upon them the forms assumed by the sand may be 
classed in three systems. The first is the diametrical 
system, in which the figures consist of diameters divid- 
ing the circumference of the plate into equal parts, 
each of which is in a different state of vibration from 
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ihoae aajaceqt. Two duimoters, for example, crosaiiig 
at right angles, divide the circumference into four eqwu 
parts ; three diameters divide it into six equal parts ; 
four divide it into eight, and so on. In a metallic plate, 
these divisions may amount to thirty-six or forty. The 
next is the concentric system, where the sand arranges 
itself in circles, having the same center with the plate ; 
and the third is the compound system, where the figures 
assumed by the sand are compounded of the other two, 
producing very complicated and beautiful forms. Ga- 
lileo seems to have been the first to notice the points of 
rest and motion in the sounding-board of a musical 
instrument ; but to Chladni is due the whole discovery 
of the symmetrica] forms of the nodal lines in vibrating 
plates (N. 179). Professor Wheatstone has shown in 
a paper read before tfaie Royal Society, in 1833, that all 
Cliladni's figures, and indeed all the nodal figures of 
vibrating surfaces, result from very simple modes of 
vibration, oscillating isochronously, and superposed upon 
each other ; the resulting figure varying with the com- 
ponent modes of vibration, the number of the super- 
positions, and the angles at which they are superposed. 
For example, if a square plate be. vibrating so as to make 
the sand arrange itself in straight lines parallel to one 
side of the plate, and if, in addition to this, such vibra- 
tions be excited as would have caused the sand to form 
in lines perpendicular to the first had the plate been 
at rest, the combined vibrations will make the sand form 
in lines from corner to comer (N. 180). 

M. Savart's experiments on the vibrations of fiat glass 
rulers are highly interesting. Let a lamina of glass 
27'"*56 long, 0*59 of an inch broad, 0-06 of an inch in 
thickness, be held by the edges in the middle, with its 
fiat surface horizontal. If this surface be strewed with 
sand, and set in longitudinal vibration by rubbing its 
under surface with a wet cloth, the sand on the upper 
surface will arrange itself in lines parallel to the ends of 
the lamina, always in one or oUier of two systems 
(N. 181). Although the same one of the two systems 
will always be produced by the same plate of glsiss, yet 
among different plates of the preceding dimensions, even 
thou|^ cut from the same sheet side by side, one will 
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liivariably exhibit one system, and the other the other, 
without any visible reason for the difference. Now if 
the positions of these quiescent lines be marked on the 
upper surface, and if the plate be turned so that the 
lower sur&ce becomes the upper one, the sand being 
strewed, and vibrations excited a^ before, the nodal lines 
will still be paraDel to the ends of the lamina, but ^eir 
positions wiU be intermediate between those of the 
upper surface (N. 182'j. Thus it appears that all the 
motions of one half ot the thickness of the lamina, or 
ruler, are exactly contrary to those of the corresponding 
points of the other half. If the thickness of the lamina 
be increased, the other dimensions remaining the same, 
the sound will not vary, but the number of nodal lines 
will be less. When the breadth of the lamina exceeds 
die 0*6 of an inch, the nodal lines become curved and are 
different on the two surfaces^ A^great variety of forms 
are produced by increasing the breadth and changing 
the form of the surface ; but in aD, it appears that the 
motions in one half of the thickness are opposed to those 
in the other half. 

M. Savarjt also found, by placing small paper rings 
round a cylindrical tube or rod, so as to rest upon it at 
one point only, that when the tube or rod is continually 
tamed on its axis in the same direction, the rings slide 
along during the vibrations, till they come to a quiescent 
point, where they rest. By tracing these nodal lines he 
discovered that they twist in a spiral or corkscrew round' 
rods and cylinders, making ope or more turns according 
to the length ; but at certain points, varying in number 
according to the mode of vibration of the rod, the screw 
stops, and recommences on the other side, thou^ it is 
tonied in a contraiy direction ; that is, on one side it is 
aright-handed screw, on the other a left (N. 183). The 
nodal lines in the interior surfiice of the tubes are per- 
, fectiy similar to those in the exterior, but they occupy 
intermediate positions. If a small ivory ball be put 
within the tube, it will foUow these nodal lines when 
the tube is made to revolve on its axis. 

All sohds which ring when struck, such as bells, 
drinking glasses, gongs, &a, have their shape momen- 
tarily and forcibly changed by the blow, and from their 


142 SYMPATflSnO VIBRATIQN. Ctocw. XVU 

efaistidty, or tendeney to cesame tkeir natural form, a 
series of undulations takes place, owing to the alternate 
condensations and rarefactions of the particles of solid 
qaatter. These have also their harmonic tones, and 
consequently nodes. Indeed generally* when a rigid 
system of any form whatever vibrates either transverse- 
ly or longitudinally, it divides itself into a certain number 
of parts, which perform their vibrations without disturb- 
ing one another. These parts are at every instant in 
alternate states of undulation ; and as the points or lines 
where they join partake of both they remain at rest, 
because the opposing motions destroy one another. 

The air, notwithstanding its rarity, is capable of trans- 
mitting its undulations when in contact with a body sus- 
ceptib^ of admitting and exciting them. It is thus that 
sympathetic undulations are excited by a body vibrating 
near insulated tended strings, capable of following its 
undulations, either by vibrating entire, or by separatmg 
themselves into their harmonic divisions. If two chords 
equally stretched, of which one is twice or three times 
longer than the other, be placed side by side, and if the * 
shorter be sounded, its vibrations wiH be communicated 
by the air to the ot^er, which wiU be thrown into such 
a state of vibration that it will be spontaneously divided 
into segments equal in .length to the shorter string. 
When a tuning-fork receives a blow and is made to rest 
upon a piano-forte during its vibration, every string 
which, either by its natural length or by its spontaneous 
subdivisions, is capable of e:|^ecuting corresponding vibra- 
tkms, responds in a sympathetic note. Some one or 
other of die notes of an organ are generally in unison 
with one of the panes or with the whole sash of a win- 
dow, which consequently resounds when these notes 
are sounded. A peal of thunder has frequently the 
same effect. The sound of very large organ-pipes is 
generally inaudible till the air be set in motion by the 
undulations of some of the superior accords, and then I 

its sound becomes extremely energetic. Recurring vi- 
brations occasionally influence each other's periods. For 
example, two adjacent organ-pipes nearly in unison, may 
fiurce themselves into concord ; and two clocks whose 
rates differed considerably when separate, have been 
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known to beat together when fixed to the same wall, 
and one clock has forced the pendulum of another into 
motion, when merely standing on the same stone pave- 
ment. These forced oscillations, which correspond in 
their periods with those of the exciting cause, are to be 
traced in every department of physical science. Several ' 
instances of them have already occurred in this work. 
Such are the tides, which foUow the sun and moon in all 
their motions and periods. The nutation of the earth's 
axis also, which corresponds with the period, and repre- 
sents the motion of the nodes of the moon, is again 
reflected back to the moon, and may be traced in liie 
nutation t>f the lunar orbit. And lastily, the acceleration 
of the moon's mean motion represents the action of the 
planets on the earth reflected by the sun to the moon. 

In consequence of the facility with which the air 
communicates undulations, all the phenomena of vibrat- 
ing plates may be exhibited by sand strewed on paper or 
pturchment, stretohed over a harmonica glass or large 
bell-shaped tumbler. In order to give due tension to 
the paper or vellum, it must be wetted, stretohed over 
the glass, gummed round the edges, allowed to dry, and 
varnished over to prevent changes in its tension from the 
humidity of the atmosphere. If a circular disc of glass 
be held concentrically over this apparatus, with its plane 
parallel to the surface of the paper, and set in vibration 
by drawing a bow across its edge, so as to make sand on. 
its surface take any of Chladni's figures, the sand on the 
paper will assume the very same form, in consequence 
of the vibrations of the disc being communicated to the 
paper by the air. When the disc is removed slowly in 
a horizontal direction, the forms on the paper will cor- 
respond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc 
while vibrating be gradually more and more inclined to 
the horizon, the figures on the paper will vary by de- 
grees; and when the vibi^ting disc is perpendicular to 
the horizon, the sand on the paper will form into straight 
lines parallel to the surface of the disc, by creeping along it 
instead of dancing up and down. If the disc be made to 
turn round its vertical diameter whJe vibrating, the nodal 
lines on the paper will revolve, and exactly follow the 
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motioD of the disc. It appears from this experiment, 
that the motions of the atrial molecules in every part of 
a spherical wave, propagated *from a vibrating body as a 
center, are parallel to each other, and not divergent like 
the radii of a circle. When a slow air is played on a 
flute near this apparatus, each note calls up a particular 
form in the sand, which the next note effaces to estab> 
lish its own. The motion of the sand will even detect 
sounds that are inaudible. By the vibrations of sand on 
a drum-head the besieged have discovered the direction 
in which a counter-mine was working. M. Savart, who 
made these beautiful experiments, employed this appa- 
ratus to discover nodal lines in masses of air. He found 
that the air of a room, when thrown into undulations by 
the continued sound of an organ-pipe, or by any other • 
means, divides itself into masses separated by nodal 
curves of double curvature, such as spirals, on each side 
of which the air is in opposite states of vibration. He 
even traced these quiescent lines going out at an open 
window, and for a considerable distance in the open air. 
The sand is violently agitated where the undulations of 
the air are greatest, and remains at rest in the nodal 
lines. M. Savart observed, that when he moved his 
head away from a quiescent line toward the right the 
sound appeared to come from the right, and when he 
moved it toward the left the sound seemed to come from 
the left, because the molecules of air are in different 
states of motion on each side of the quiescent line. 

A musical string gives a very feeble sound when vi- 
brating alone, on account of the small quantity of air set 
in motion. But when attached to a sounding-board, as 
in the harp and piano-forte, it communicates its undula- 
tions to that surface, and from thence to every part of 
the instrument ; so that the whole system vibrates iso- 
chronously, and by exposing on extensive undulating sur- 
face, which transmits its undulations to a great mass of 
air, the sound is much reinforced. The intensity is 
greatest when the vibrations of the string or sounding 
body are perpendicular to the sounding-board, and least 
~when they are in the same plane with it. The sound- 
ing-board of the piano-forte is better disposed than that 
of any other stringed instrument, because the hammers 
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strike the Btrings sa as to make diem vibrate at right, 
anises to it. - In the guitar, on the contrary, they are 
struck obliquely, v^iich renders the tone feeble, unless 
when the sides, which also act as a sounding'-board, are 
deep. It is evident that the sounding-board and the 
whole initianiment are agitated at once by all the super- 
posed vibrations excited by the simultaneous or consecu- 
tive notes that are sounded, each having its perfect effect 
independently of the rest. A sounding-board not only 
reciprocates the different degrees of pitch, but all the 
nameless qualities of tone. This has been beautifully 
illustrated by Professor Wheatstone in a series of exper- 
iments on the transmission through solid conductors of 
musical performances, from the harp, piano, violin, clar- 
inet, &c. He found that all the varieties of pitch, qual- 
ity, and intensity, are perfectly transmitted with tiieir 
relative gradations, and may be communicated throng 
conducting wires or roda of very considerable length, to 
a properly disposed sounding-board in a distant apart- 
ment. The sounds of an entire orchestra may be trans- 
mitted and reciprocated by connecting one end of a 
metallic rod with a sounding-board near the orchestra, 
so placed as to resound to fdl the instruments, and the 
other end with tiie sounding-board of a harp, piano, or 
guitar, in a remote apartment. Professor Wheatstone 
Qbserves, *'The effect of this expeiiment is very pleas- 
ing; the sounds, indeed, have so little intensity as scarcely 
to be heard at a distance from the reciprocating instru- 
ment ; but on placing the ear close to it, a diminutive 
band is heard, in which all the instruments preserve 
their distinctive qualities, and the pianos and fortes, the 
crescendos and dinainuendos, their relative contrasts. 
Compared with an ordinary band heard at a distance 
tiirough' the air, the effect is as a landscape seen in min- 
iature beauty tiirough a concave lens, compared with 
the same scene viewed l^ ordinary vision through a 
murky atmosphere." 

Every one is aware of the reinforcement of sound by 
the resonance of cavities. When singing or speaking 
near the aperture of a wide-moutked vessel, the. inten- 
sity of some one note in unison witii the air in the cav- 
ity, is often augmented to .a great degree. 4ny vessel 
la N 
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will resound If a body vibrating the natural note of the 
cavity be placed opposite to its orifice, and be large 
enough to cover it ; or at least to set a large portion of 
the adjacent air in motion. For the sound will be alter- 
nately reflected by the bottom of the cavity and the un- 
dulating body at its mouth. The first hnpulse of the 
undulating substance will be reflected by the bottom of 
the cavity, and then by the undulating body, in time to 
comb'me with the second new impulse. This reinforced 
sound will also be twice reflected in time to conspire 
with tlie third new impidse ; and as the same process 
will be repeated on eveiy new impulse, each wUl com- 
bine with all its echoes to reinforce the sound pro- 
digiously. Professor Wheatstone, to whose ingenuity 
we are indebted for so much new and valuable informa- 
tion on the theory of sound, has given some very striking 
instances of resonance. If one of the branches of a vi- 
brating tuning-fork be brought near the embouchure of 
a flute, the lateral apertures of which are stopped so as 
to render it capable of producing the same sound as the 
fork, the feeble and sciurcely audible sound of the fork 
will be augmented by the rich resonance of the column 
of air within the flute, and the tone will be full and clear. 
The sound will be found greatly to decrease by closing 
or opening another aperture ; for the alteration in the 
length of the column of au* renders it no longer fit per- 
fectly to reciprocate the sound of the fork. This exper- 
iment may be made on a conceit flute with a C tuning- 
fork. But Professor Wheatstone observes, that in tlus 
case it is generally necessary to finger the flute for B» 
because when blown into with the mouth the under-lip 
partly covers the embouchure, which renders the soimd 
about a semitone flatter than it would be were the em- 
bouchure entirely uncovered. He has also shown, by 
the following expeiiment, that any one among several 
nmultaneous sounds may be rendered separately audible. 
If two bottles be selected, and tuned by filling tiiem with 
such a quantity of water as will render them unisonant 
with two tuning-forks which difler in pitch, on bringing 
both of the vibrating tuning-forks to the mouth of each 
bottle alternately, in each case that sound only will be 
heard which is reciprocated by the unisonant bottle* 
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Several, attempts have been made to imitate theartic- 
alation of the letters of the alphabet. About the year 
1779, MM. Kratzenstein of St. Petersburgh, and Kern- 
pelen of Vienna, constructed instruments which artica* 
lated many letters, words, and even sentences. Mr. 
Willis of Cambridge has recently ad^jpted cylindrical 
tubes to a reed, whose length can be varied at pleasure 
by sliding joints. Upon drawing out a tube while a col- 
umn of air from the bellows of an organ is passing 
through it, the vowels are pronounced in the order, i, e, 
a, 0, u. On extending the tube they are repeated after 
a certain interval, in the inverted order, u, o, a, e, i. Af- 
ter another interval they are again obtained in the durect 
order, and so on. When the pitch of the reed is very 
high, it is impossible to sound some of the vowels, which 
is in perfect correspondence with the human voice, fe- 
male singers being unable to pronounce u and o in their 
high notes. From the singular discoveries of M. Savart 
on the nature of the human voice, and the investiga- 
tions of Mr. Willis on the mechanism of the larynx, 
it may be presumed that ultimately the utterance or 
pronunciation of modem languages will be conveyed, 
not only to the eye but also to the ear of posterity. 
Ilad the ancients possessed the means of transmitting 
such definite sounds, the civilized world would still have 
responded in sympathetic notes at the distance of many 
ages. 


Section XVIII. 


Refraction— ABtronomical Refraction and its Laws— Formation of Tables of 
Refraction— Terrestrial Refraction— Its Qnantit^r— Instances of Extraor- 
dinary Refraction— Reflection— Instances of Extraordinary Reflection — 
Loss of Light by the Absorbing Power of the Atmosphere— Apparent 
Magnitude of Son and Moon in the Horizon. 

Not only everything we hear but all we see is through 
the medium of the atmosphere. Without some knowl- 
edge of its action upon light, it would be impossible to 
ascertain the position of the heavenly bodies, or even to 
determine the exact place o£ very distant objects upon 
the surface of the eartl:: for in consequence of the re* 
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fraetlT« power of the ur, no distant object is seen in its 
trae position. 

AH the celestial bodies appear to be more elevated 
than they really are ; because the rays of light, instead 
of moving through the atmosphere in straig& lines, are 
continually inflected toward the eartib. Light passing 
obliquely out of a rare into a denser medinm, as from 
vacuum into air, or from air into water, is bent or re- 
fracted from its course toward a perpendicular to that 
point of the denser surfisu^e where the light enters it 
(N. 164). In the same medium, the sine of the angle 
contained between the incident ray and the perpendic- 
ular is in a constant ratio to the sine of the angle con- 
tained by the refracted ray and the same perpendicu- 
lar ; but this ratio varies with the refhacting medium. 
The denser the medium the more the ray is bent. 
The barometer shows that the density of the atmos- 

?here decreases as the height above the earth increases. 
>irect experiments prove that the refractive power of 
tlie air increases with its density. It follows therefore 
that if the temperature be uniform, the refractive power 
of the air is greatest at the earth^s surface and dimin- 
ishes upward. 

A ray of light from a celestial object falling obliquely 
en this rariable atmosphere, instead of being refracted 
at once from its course, is gradually more and more bent 
during its passage through it so as to move in a vertical 
curved line, in the same manner as if the atmosphere 
consisted of an infinite number of strata of different den- 
sities. The object is seen in the direction of a tangent 
to that part of the curve which meets the eye, conse- 
quently the apparent altitude (N. 185) of the heavenly 
bodies is always greater than their true altitude* Owing 
to this drcumstance, the stars are seen above the hori- 
zon after they are set, and the day is lengthened from 
a part of the sun being visible, though he really is behind 
the rotundity of the earth. It would be easy to de- 
termine the direction of a ray of light through the at- 
mosphere if the law of the density were known ; but as 
this law is perpetually vanring with the temperature, 
the case is very compUcated. When rays pass perpen- 
dieolarly from one medium into another, they are not 
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bent ; and experience shows, that in the samd surface, 
though the sines of the angles of incidence and refrac- 
tion retain the samo ratio, the refraction increases with 
the obliquity of incidence (N. 184). Hence it appears 
that the refraction is greatest at the horizon, and at the 
zenith there is none. But it is proved that at all heighls 
above ten degrees, refraction varies nearly as the tangent 
of the angular distance of the object from the zenith, 
and wholly depcMids upon the heights of the barometer 
and thermometer. For the quantity of refraction at the 
same distance from the zenith varies nearly as the height 
of the barometer, the temperature being constant ; and 
the effect of the variation of temperature is to diminish 
the quantity of refraction by about its 4 80th. part for 
every degree in the rise of Fahrenheit's thermometer. 
Not much reliance can be placed on celestial observa- 
tions, within le8» thad ten or twelve de^ees of the 
horizon^ on account of irregular variations in the density 
of the air near the . surface of the earth, which are 
sometimes the cause of very singular phenomena. The 
humidity of the air produces no sensiUe effect on ilB 
refractive power. 

BodieSf whether Ituninous or not, are only visible by 
the rays which proceed from them. As the Y«ya most 
fMhSs tborough strata of different denies in coming to us, 
it follows that with the exception of stars in the zenitli, 
no object either in or beyond our atmosphere is seen in 
its true i^ace. But the deviation is «o small in ordinary 
cases that it- causes no inconvemence, though in astro- 
nomicid and trigonometrical observations due allowance 
must be made for the effects. of refraction* Dr. Brad- 
Joy's tables of refraction were formed by observing the 
zenith distances of the sun at his greatest declinationa, 
and the zenith distances of the pole-star aboye and below 
the pole. The sum of these four quantities is equal to 
180°, diminished by the sum of the four refractions, 
whence the sum of the four refractions was obtained ; 
and from the law of the variation of refraction determined 
by theory, he assigned the quantity due to each altitude 
(N. 186). The mean horizontal refraction is aboiit 
35' 6'^ and at the height of forty-five degrees it is &8''*d6. 
The effect of refraction upon the snme star above and 
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below the pole was noticed by Alhazen, a SBracen 
astronomer of Spain, in the ninth centuiy, but its exis- 
tence was known to Ptolemy in the second, though he 
was ignorant of its quantity. 

The refraction of a terrestrial object is estimated dif- 
ferently from that of a celestial body. It is measured 
by the angle contained between the tangent to the 
curviiineal path of the ray where it meets me eye, and 
the straight line joining the eye and the object (N. 187). 
Near the earth's suiface the path of the ray may be 
supposed to be circular ; and the angle at the center of 
the earth corresponding to this path is called the hori- 
zontal angle. The quantity of terrestrial refractaon is 
obtained by measuring contemporaneously the elevation 
of the top of a mountain above a point in the plain at its 
base, and the depression of that point below the top of 
the mountain. The distance between these two sta- 
tions is the chord of the horizontal angle ; and it is easy 
to prove that double the refraction is equal to the 
horizontal angle, increased by the difference between 
tiie apparent elevation and the apparent depression. 
Whence it appears that in the mean state of the atmos- 
phere, the refraction is about the fourteenth part of the 
horizontal angle. 

Some very singular appearances occur fr*om the aoei- 
dental expansion or condensation of the strata of the 
atmosphere contiguous to the surface of the earth, by 
which distant objects, instead of being elevated, are de- 
pressed. Sometimes being at once both elevated and 
depressed they appear double^ one of the images being 
direct, and the other inverted. In consequence of the 
upper edges of the sun and moon being less refracted 
liian the lower, they often appear to be oval when near 
^e horizon. The looming also or elevation of coasts, 
mountains, and ships, when viewed across the sea, 
arises from unusual refraction. A friend of the au- 
thor, while standing on the plains of Hindostan, saw 
liie whole upper chain of the Himalaya mountains start 
into view, from a sudden change in die density of the 
air, occasioned by a heavy shower after a very long 
course of dry and hot weather. Single and double im- 
ages of objects at sea, arising from sudden changes of 
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tompenitttre which are not so soon communicated to the 
water on account of its density as to the air, occur more 
rarely and are of shorter duration than similar appear- 
ances on land. In 1818, Captain Scoresby, whose ob- 
servations on the phenomena of the polar seas are so 
valuable, recognized his father's ship by its inverted 
imaee in the air, although the vessel itself was below 
the horizon. He afterward found that she was seven- 
teen miles beyond the horizon, and thirty miles distant. 
Two images are sometimes seen suspended in the air 
over a ship, one direct and the other inverted, with their 
topmasts or theur hulls meeting, according as tne in- 
verted image is above or below the direct image (N. 188). 
Dr. WoUaston has proved that these appearances are 
owing to the refraction of the rays through media of 
different densities, by the very simple experiment of 
tooking along a red-hot poker at a distant object. Two 
images are seen, one direct and another inverted, in 
consequence of the change induced by the heat in the 
density of the adjacent air. He produced the same 
effect by a saline or saccharine solution with water and 
spirit of wine floating upon it (N. 189). 

Many of the phenomena that have been ascribed to 
extraordinary refraction seem to be occasioned by a 
partial or total reflection of the rays of light at the sur- 
faces of strata of different densities (N. 184). It is weM 
known that when light falls oblique^ upon the external 
sur&oe of a transparent medium, as on a plate of glass 
or stratum of air, one portion is reflected and the other 
transmitted. But when light falls very obliquely upon 
the internal surfkce, the whole is reflected and not a 
ray is transmitted. In all cases the angles made by 
the incident and reflected rays with a perpendicular to 
the snrfiice being equal, as the brightness of the re- 
flected image depenos od the quantity of light, those 
arising from total reflection must be by flir the most 
vivid. The delusive appearance of water, so well 
known to African travelers and to the Arab of the des* 
art as the Lake of the Gazelles, is ascribed to the re- 
flection wluch takes place between strata of air of dif- 
ferent densities, owing to radiation of heat from the 
•rid sandy pljQ^na.. The mmgfi dQScrit>^. ^y Captain 
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MuDdy in his Journal of a Tour in India probabfy 
arises from diis causo. A doep precipitotts vaUej be- 
low us, at the bottom of which I had seen one or two 
miserable villages in the morning, bore in the evening a 
coirplete resemblance to a beautiful lake; the vapor 
which played the part of water ascending nearly half 
way up the sides of the vale, and on its bnj^t surface 
trees and rocks being distinctly reflected. I had not 
been long contemplating this phenomenon, be&re a 
sudden storm came on and dropped a curtain of clouds 
over the scene/' 

An occurrence which happened on the 18th of No* 
vember, X8(k, was probidbly produced by refleeCieB. 
Pr. Buchan, while watching tke rismg sun from, the 
cliff about a mile to the east of Brig^iton, at the instant 
the solar disc emerged from the surface of the ocean, 
saw the cliff on wluch he was standing, a windmiU* his 
own figure and that of a friend, depicted immediately 
opposite to him on the sea. This appearance lasted 
about ten minutes, till the sun had risen nearfy his own 
diameter above the sur&ce of the waves. The whole 
then seemed to be elevated into the air and successively 
vanishedt The n^s of the sun fell upon the cliff at an 
incidence of 73^ from the peipendicular, and the sea 
was covered with a dense fog many yards in height 
which gradually receded before the rising sun. When 
extrainrdinaiy refraction takes place laterally, the strata 
of variable density are perpendicular to tke horiaon^ 
and if c<MnbiDed with vertical refraction, the objects 
are magnified as when seen tlirough a telescope. From 
this cause, on the 26th of July, 1798, the clifiSi of 
France, fifty miles off, were seen as distinctly from 
Hastings as if they had been close at hand ; and even 
Dieppe was said to have been visible in the nftemoon. 

The stratum of air in the horizon is so much thicker 
and more dense than the stratum in the vertical, that 
the sun's light is diminished 1300 times in passing 
through it, whkh enables us to k)ok at him vdien setting 
without being dazzled. The loss of light and cense* 
quendy of heat by the absorbing power of the atmoe- 
l^ere, increases with tlie obliqui^ of incidence. Of 
ten thousand rays falling on its surface, 8123 i^ve at « 
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§^en poiDt of the earth if they faM perpendienlwriy ; 
7024 arrive, if the angle of direction be fifty degrees ; 
2831, if it he seven degrees; and only five rays wifl 
arjrive through a horizontal stratum. Since so great a 
quantity of %ht is lost in passing throu^ the atmos- 
phei'Or' many celestial objects may be altogether invisible 
&om:the plain, winch may be seen from elevated ^itn- 
atioij^s. Diminished splendor, and liie felse estimate 
we make of distance from the number of intervening 
objects, lead us to suppose the sun and moon to be 
much larger when in the horizon than at any other al- 
titude, thou^ their apparent diameters are tlien some- 
what less. Instead of the sudden transitions of Mght 
and darkness, the reflective power of the air adorns na- 
ture vrtth the rosy and golden hues of the Aurora and 
twilight. Even when the sun is e^hteen degrees be- 
low tiie horizon, a sufiScient portion of Kght remains to 
show, that at the height of durty miles it is still dense 
enough to reflect light. The atmosphere scatters the 
sun's rays, and gives all the beautiful tints and cheerful- 
ness of day. It transmits tiie blue light in greatest 
abundance; the higher we ascend, the sky assumes a 
deeper hue ; but in the expanse of space, the sun and 
stars must appear like brilliant specks in profound 
blackness. 
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It is impossible thus to trace the path of a sunbeam 
onrough our atmosphere without feeUng a desire to 
know its nature, by what power it traverses the immen- 
sity of space, and the various modifications it undergoes 
at the surfaces and in the interior of terrestrial sub- 
stances. 

Sir Isaac Newton proved the compound nature of 
white light as emitted from the sun, by passing a sun- 
beam through a gbss prism (N« 190), which separating 


164 CXUVBTTrUTtON OF LIGHT. Sbct. XIX. 

the rays by refractdon, formed a spectram or oblong 
image of the sun, consisting of seven colors, red, orange, 
yellow, green, blue, indigo, and violet ; of which the 
red is the least refrangible and the violet the most. But 
when he reunited these seven rays by means of a lens, 
the compound beam became pure white as before. He 
insulated each colored ray ; and finding that it was no 
longer capable of decomposition by refraction, concl!:ided 
that white light consists of seven kinds of homogeneous 
light, and that to the same color the same refrangibihty 
ever belongs, and to the same refrangibility the same 
color. Since the discovery of absorbent media, how- 
ever, it appears that this is not the constitution of the 
solar spectrum. 

We know of no substance that is either perfectly 
opaque or perfectly transparent. Even gold may be 
beaten so thin as to be pervious to light. On the con- 
trary, the clearest crystal, the purest air or water, stops 
or absorbs its rays when transmitted, and gradually ex- 
tinguishes them as they penetrate to greater depths. 
On this account objects cannot be seen at the bottom of 
very deep water, and many more stars are visible to the 
naked eye from the tops of mountains than from the 
valleys. The quantity of light that is incident on any 
transparent substance is always greater than the sum of 
the reflected and refracted rays. A small quantity is 
irregularly reflected in all directions by the imperfec- 
tions of the polish by which we are enabled to see the 
surface ; but a much greater portion is absorbed by the 
body. Bodies that reflect all the rays appeal' white, 
those that absorb them all seem black ; but most sub- 
stances, after decomposing the white light which falls 
upon them, reflect some colors and absorb the rest. A 
violet reflects the violet rays alon^, and absorbs the 
others. Scarlet cloth absorbs almost all the colors ex- 
cept red. Yellow cloth reflects the yellow rays most 
abundantly, and blue cloth those that are blue. Con- 
sequently color is not a property of matter, but arises 
from the action of matter upon light. Thus a white 
ri'oand reflects all the rays, but when dyed red the par- 
ticles of the silk acquire t^e property of reflecting the 
red rays most abundantly and of absorbing the others. 
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Upon this property of imequal absorption, the colors of 
transparent media depend. For they also receive their 
color from their power of stopping or absorbing some of 
Ihe colors of white light and transmitting others. As 
for example, black and red inks, though equally homo- 
geneous, absorb different kinds of rays ; and when ex- 
posed to the sun, they become heated in different de- 
grees; while pure water seems to transmit all rays 
equally, and is not sensibly heated by the passing light 
of the sun. The rich dark light transmitted by a smsJt- 
blue finger-glass is not a homogeneous color like the 
blue or indigo of the spectrum, but is a mixture of all 
the colors of white light which the glass has not ab- 
sorbed. The colors absorbed are such as mixed with 
the blue tint would form white liffht. When the spec- 
tE;um of seven colors is viewed uirough a thin plate of 
this glass they are jdl visible ; and when the plate is 
very thick, every color is absorbed between the extreme 
red and the extreme violet, the interval being perfectly 
black : but if the spectrum be viewed through a certain 
thickness of the glass intermediate between the two, it 
will be found that the middle of the red space, the whole 
of the orange, a great part of the green,, a considerable 
part of the blue, a Uttle of the indigo, and a very little 
of the violet, vanish, being absorbed by the blue glass : 
and that the yellow rays occupy a larger space, cover- 
ing part of that formerly occupied by the orange on one 
side, and by the green on the other. So that the blue 
^asa absorbs the red light, which when mixed with the 
yellow constitutes orange ; and also absorbs the blue 
light, which when mixed with the yellow forms the 
part of the green space next to the yellow* Hence by 
absorption, green light is decomposed into yellow and 
hlue, and orange light into yellow and red. Conse- 
quently the orange and green rays, though incapable of 
decomposition by refraction, can be resolved by absorp- 
tion, and actually consist of two different colors possess- 
ing' the same degree of refrangibility* Difference of 
color, therefore, is not a test of difference of refrangi- 
bility, and the conclusion deduced by Newton is no 
longed admissible as a general truth. By this analysis 
of the si^ectrum, not orly with blue glass, but with a 
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Tariety of colored media, Sir David Brewster, so jus^f 
celebrated for his optical discoveries, has proved that 
the solar spectram consists of three primary colors, red, 
yellow, and blue, each of which exists throughout its 
whole extent, but with different degrees of intensity in 
different parts ; and thaX the superposition ci these three 
produces all the seven hues according as each primary 
color is an excess or defect. Since a certain portion of 
red, yeUow, and blue rays constitute white Mght, the 
color of any point of the spectrum may be considered 
as consisting of the predominating color at that point 
mixed with white light. Consequently, by absorbing 
the excess of any color at any point of the spectrum 
above what is necessary to form white light, such white 
li^t will appear at diat point as never mortal eye 
looked upon before this exj>eriment, since it possesses 
the remarkable property of remaining the same after 
any number of refractions, and of being capable of de- 
composition by absorption alone. 

In addition to the seven colors of the Newtonian spec*- 
trum, Sir John Herschel has dbsoovered a set of very 
dark red rays beyond the red extremity of the spec- 
trum, which can only be seen when the eye is degraded 
from the glare of the other colors by a dark bine cobalt 
glass. He has also found that beyond the extreme 
violet there are visible rays of a kvendrar gray cdkn^ 
which may be seen by throwing the spectrum on a 
sheet of paper moistened by iho carbonate of soda. 
The illuminating power of the different rays of the speo 
trum varies with the color. The most intense Kgbt is 
in the mean yellow ray. 

When the prism is very perfect and the sunbeam 
small, so that the spectrum may be received on a sheet 
of white paper in. its utmost state of purity, it presents 
the appearance of a riband shaded with all the prismatic 
cok)rs, having its breadth irregularhfr striped or subdi* 
vided by an indefinite number of durk, and sometimes 
black, fines. The greater number of these rayless lines 
are so extremely narrow that it is impossible to see 
them in ordinary circumstances. The best method is 
to receive the spectrum on the object glass of a tele* 
scope, so as to magnify them sufficiently to render them 
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FiBible. This experiment may ako be made, bat in an 
imperfect manner, by viewing a narrow slit between two 
nearly closed window-shutters through a very excellent 
glass prism held close to the eye, with its refracting 
angle parallel to the line of light. The rayless lines in 
the red portion of the spectrum become most visible as 
the sun approaches the horizon, while those in the blue 
extremity are most obvious in the middle of the day. 
When the spectrum is formed by the sun's rays, either 
direct or indirect — as from the sky, clouds, rainbow, moon, 
or planets — the black bands are always found to be in 
the same parts of the spectrum, and under all circum- 
stanoestto maintain the same relative positions, breadths, 
and intensities. Similar dark lines are also seen in tbe 
light of the stars, in the electric l^ht, and in the flame 
of ^mbustible substances, though differently arranged, 
each star and each flame having a system of dark lines 
peculiar to itself, which remains the same under every 
eircumstance. Dr. Wollaston and M. Fraunhofer of 
Munich discovered these lines deficient of rays inde- 
pendently of each other. M. Fraunhofer found that 
their number extends to nearly six hundred. There are 
bright tines in the solar spectrum which also maintiun a 
fixed position. Among the dark lines, M. Frannhoisr 
selected seven of the most remarkable, and determined 
their distances so accurately, that they now form stand- 
ard and invariable points of reference for measuring the 
refractive powers of different media on the rays of light, 
which renders this department of optics as exact as any 
of the physical sciences. These lines are designated 
Dy the letters of the alphabet, beginning, with b, which 
IB in the red near the end of the spectrum ; c is farther 
advanced in the red; n is in the orange; e, in the 
greeo ; f, in the blue ; o, in the indigo ; and h, in the 
violet. By means of these fixed points, M. Fraunhofer 
has ascertained from prismatic observation the refrangi- 
bility of seven of the principal rays in each of ten differ* 
ent substances solid and liquid. The refraction increased 
in all from the red to the violet end of the spectrum ; 
but so irregularly for eaph ray and in each medium, that 
no law could be discovered. The rays that are wanting 
n the solar spectrum which occasion the dark &ies» 
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were supposed to be absorbed by the atmosphex'e of the 
sun. If Uieywere absorbed by the earth's atmosphere, 
die Tory same rays would be wanting in the spectra 
from the light of the fixed stars, which is not the case ; 
for it has &eady been stated that the position of the 
dariL lines is not the same in spectra from starlight and 
from the light of the sun. The solar rays reflected 
from the moon and planets would most Ukely be mod- 
ified also by their atmospheres, but they are not ; for 
the dark lines have precisely the same positions in the 
spectra, from the direct and reflected light of the sun. 
But the annular eclipse which happened on the Idth of 
May, 1836, afforded Professor Forbes the means of 
proving that the dark lines in question cannot be attrib- 
uted to the absorption of the solar atmosphere ; they 
were neither broader nor more numerous in the s^c- 
tnim formed during that phenomenon than at any other 
time, though the rays came only from the circumference 
of the sun's disc, and consequently had to traverse a 
greater depth of his atmosphere. We are therefore 
still ignorant of the cause of these rayless bands. 

A sunbeam received on a screen, after passing through 
a small round hole in a window-shutter, appears like a 
round white spot ; but when a prism is interposed, the 
beam no longer occupies the same space. It is separa- 
ted into the prismatic colors, and spread over a line of 
considerable length, while its breadth remains the same 
with that of the white spot. The act of spreading or 
separation is called the dispersion of the colored rays. 
Dispersion always takes place in the plane of refraction, 
and is greater as the angle of incidence is greater. It 
varies inversely as the length of a wave of light, and 
directly as its velocity : hence toward the blue end of 
the spectrum, where the undulations of the rays are 
least, the dispersion is greatest. Substances have very 
different dispersive powers ; that is to say the spectra 
formed by two equal prisms of different substances under 
precise^ the same circumstances, are of diflerent 
lengths. Thus, if a prism of flint glass and one of crown 
glass of equal refracting angles be presented to two rays 
of white light at equal angles, it will be found, that the 
space over which ttie colored rays are dispersed by th 
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flint glass is much greater than the space occnpied hj 
that produced by the crown glass ; and as the quantity 
of dispersion depends upon tilie refracting angle of the 
prism, the angles of the two prisms may be made such, 
that when the prisms are placed close together with th/sir 
edges turned opposite ways, they will exactly oppose 
each other*8 action, and will refract the colored rays 
equally but in contrary directions, so that an exact com- 
pensation will be effected, and the light will be refracted 
without color (N. 191). The achromatic telescope is 
constructed on this principle. It consists of a tube with 
an object glass or lens at one end to bring the rays to a 
focus and form an image of the distant- object, and a 
magnifying glass at the other end to yiew the image 
thus formed. Now it is found that the object-glass, 
instead of making the rays converge to one point, dis- 
perses them, and gives a confiised and colored image : 
but by constructing it of two lenses in contact, one of 
flint and the other of crown glass of certain forms and 
proportions, the dispersion is counteracted, and a per- 
fectly well defined and colorless image of the object is 
fonned (N. 192). It was thought to be impossible to 
produce refraction without color, till Mr. Hall, a gentle- 
man of Worcestershire, constructed a telescope on this 
principle in the year 1733 ; and twenty-five years after- 
ward, the achromatic telescope was brought to perfec- 
tion by Mr. Dollond, a celebrated optician in London. 

A perfectly homogeneous color is very rarely to be 
fi>und, but the tints of all substances are most brilliant 
when viewed in light of their own color. The red of a 
wafer is much more vivid in red than in white light; 
whereas if placed in homogeneous yellow light, it can 
no longer appear red, because there is not a ray of red 
in the yellow light. Were it not that the wafer, like all 
other bodies, whether colored or not, reflects white light 
at its outer surface, it would appeal* absolutely black 
when placed in yellow light. 

After looking steadily for a short time at a colored 
object, such as a red wafer, on turning the eyes to a 
white substance, a green image of the wafer appears, 
which is called the accidental color of red. All tints 
have their accidental colors : — thus the accidental color 
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of oimDfe is htde ; tiial; of yellow is indi^ ; of (preen, 
reddtcili-'wfaite ; of blue, orange-red ; of violet, yellow; 
and of white, black ; and vice versd. When the direct 
and accidental colors are of the same intensity, the acci- 
dental is then called the complemeotaiy color, because 
any two coiors are said to be complementary to one an- 
other which {Nxidace white when comlnned. 

From recent experiments by M. Plateau of Brussels, 
it appears that two complementary colora from direct 
impression, which would produce white when combined^ 
produce black, or extinguish one another by their union, 
when accidental ; and tuso that the combination of all the 
tints of the solar spectrum produces wlnte fight if ^ey 
be from a direct impression on the eye, whereas black- 
ness results from a union of the same tints if they be 
aoeidental ; and in every case where the real colors pre^ 
duce white by their combination, the aeeidental colors 
of the same tints produce black. When the image of 
an object is impressed on the retina only for a feiw mo^ 
ments, the picture left is exactly of the same cdcnr with 
the object, but in an extremely short time the picture, 
is succeeded by the accidental image. M. Plateau at- 
tributes this phenomenon to a reaction of the retina after 
being excited by direct visicm, so that the accidental im- 
pression is of an opposite nature to the corresponding 
direct im{M*ession. He conceives, that when the eye is 
excited by being fixed for a time on a colored object, and 
then withdrawn from the excitement, that it endearors 
to return to its state of repose, font in so doing that it 
passes this point and spontaneously assumes an opposite 
conation, like a spring, which, bent in one direction, in 
returning to its state of rest bends as much the contrary 
way. The accidental image thus results from a partic- 
ular modification of the organ of sight, in virtue of which 
it spontaneously gives us a new sensation after it has 
been excited by direct vision. If the prevailing impres- 
sion be a very strong white light, its accidental image is 
not black, but a variety of colors in succession. Accord- 
ing to M. Plateau, the retina offers a resistance to the 
action of light, which increases with the duration of this 
ae^n ; whence, after looking intently at an object for a 
long time, it appears to decrease in hriUiancy. The im- 
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agiiiatioii hm a powerful influence on our optical impres- 
sions, and has been known to revive the images of hidily 
loBiinons objects months, and even years, afterwaraT^ 
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ton*t Sosle of Cobn^Difflvction of Ligll^-'Sir John Hencliers The<vy 
of Um Abmrpttn of Liglil^R«fr«ctioii and Reflection of Light. 

Newton and most of his immediate successors imag* 
ined light to be a materia] substance, emitted by all self- 
luminous bodies in extremely minute particles, moving 
in straight lines with prodigious velocity, which, by im- 
pinging upon the optic nerves, produce the sensation of 
light. Many of the observed phenomena have been ex- 
pfaiined by this theory ; it is, however, totalty inadequate 
to account for the following circumstances. 

When two equal rays of red light, proceeding from 
two luminous points, fcdl upon a sheet of white paper in 
a dark room, they produce a red spot on it, which wiU 
be twice as bright as either ray vrould produce singly, 
provided the di^erence in the lengths of the two'beams, 
from the luminous points to the red spot on the paper, 
be exactly the a*0000258th part of an inch. The same 
effect wiU ttke ]riace if the difference in the lengths be 
twice, three times, four times, dec. that quantity. But 
if the difference in the lengths of the two rays be equal 
to one-half of the 0-0000258tii pert of an inch, or to its 
1|, 3|, 3^, &c. part, the one light will entirely extinguish 
the odter, and will produce absolute darkness on the 
paper where the united beams fall. If the difference 
in the lengths of their paths be equal to the 1|, 2j, 3|, 
&C. of the 0*0000258th part of an inch, the red spot 
arising from the combined beams will be of the siRnfe 
intensity which one alone would produce If violet Bght 
be employed, the difference in the lengths of the two 
beams must be equal to the 0*0000167th part of an inch 
in order to jnoduoe the same phenomena ; aiid fot 1M0 
other cokira, tiM difforettc^ mtist be interm^di«[t^ b^^ 
11 o9. 
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tweeo the 0*0000258th and the 0'0000157tk pot of an . 
inch. Similar phenomena may be seen by viewing tiie 
dame of a candle through two very fine slite in a card 
extremely near to one another (N. 193) ; or by admitting 
the 8un*8 light into a dark room through a pin-hole abont 
the fortieth of an inch in diameter, receiving the image 
on a sheet of white paper, and holding a slender wire in 
the light. Its shadow will be found to consist of a bri^t 
white bar or stripe in the middle, with a series of alter- 
nate black and brightly colored stripes on each side. The 
rays which bend round the wire in two streams are of 
equal lengths in the middle stripe ; it is consequently 
doubly bright from their combined effect ; but llie rays 
which fall oq the paper on each side of the bright stripe, 
being of such unequal lengths as to destroy one another, 
form black lines. On each side of these Mack lines the 
rays are again of such lengths as to combine to form bright 
stripes, and so on alternately till the light is too faint to be 
visible. When any homogeneous light is used, such as 
red, the alternations are only black and red ; ' but en ac- 
count of the heterogeneous nature «f white light, th^ 
black lines alternate with vivid stripes or fringes of pris 
matic colors, arising from the superposition of systems ^ 
of alternate black lines and lines of each homogeneous ' 
color. That the alternation of black lines and cc^red 
fringes actually dees arise from the mixture of the two 
streams of light which flow round the wire, is proved by 
their vanishing the instant one of the streams is inter- 
rupted. It may therefore be concluded, as often as 
these stripes of light and darkness occur, that they are 
owing to tile rays combining at certain intervals to pro- 
duce a joint effect, and at otiiers to extinguish one 
another. Now it is contrary to all our ideas of matter 
to suppose that two particles of it should annihikto one 
another under any circumstances whatever ; while on 
the contrary, two opposing motions may, and it is im- 
possible not to be struck with the perfect similarity be- 
tween the interferences of small undulations of air or of 
water and the preceding phenomena. The analogy is 
indeed so perfect, that philosophers of the highest au- 
thority concur in the supposition that the celestial regioos 
are filled with an extremely rare, imponderaUe, and 
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highly ehwtic medium or ether, whose particles are ca- 
pMe of receiTing the vibrations commmiicated to diem 
by self-luminous bodies, and of transmitting them to the 
optic nerves, so as to produce the sensation of light* 
The acceleration in the mean motion of Encke's comet, 
as well as of the comet discovered by M. Biela, renders 
the existence of such a medium almost certain. It is 
clear that in this hypothesis, the alternate stripes oi 
light and darkness are entirely the effect of the interfe- 
rence of the undulations ; for by actual measurement, 
the length of a wave of the mean red rays of the solar 
spectrum is equal to the 0'0000258th part of an inch ; 
consequently, when the elevation of the waves combine, 
they produce double the intensity of light that each 
would do singly ; and when half a wave combines with 
a whole, — ^thii^ is, when the hollow of (me wave is filled 
up by the elevation of another, darkness is the result. 
At intermediate points between these extremes, the in- 
tensity of the light ccHTosponds to intermediate differ- 
ences in the lengths of the rays. ' 

The theory of interferences is a particular ease of the 
general mechanical law of the superposition of small 
motions ; whence it appears that the disturbance of a 
particle of an elastic medium, produced by two coexis- 
tent undulations, is the sum of the disturbances which 
each undulation would, produce separately; conse- 
quently, the particle will move in the diagonal of a par- 
allelogram, whose sides are the two ui^ulations. If, 
therefore,' the two undulations agree in nlirection, or 
nearly so, the resulting motion will be very nearly equal 
to their sum, and in the same direction : if they nearly 
oppose one another, the resulting motion vnll be nearly 
e<|^ial to their difference ; and if l£ie undulations be equal 
and opposite, the resultant will be zero, and the particle 
will remain at rest. 

The preceding experiments, and the inferences de- 
duced from them, which have led to the establishment 
of the doctrine of the undulations of light, are the most 
splendid memorials of our iUnstrious countryman Dr. 
Thomas Young, though Huygens was the first to origi- 
nate the idea. 

Tt is supposed that the particles of himinons bodies 
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are in a state cf petpetnal agitation, aod that they pos- 
sess the propel^ of exciting regular vibrations in the 
ethereal medium corresponding to the vibratisns of their 
own molecules ; and that, on account of its elastic nature, 
one particle of the ether when set in motion commum- 
cates its vibrations to those adjacent, whi<^ in succession 
transmit them to those fiuther off ; so that the primi- 
tive impube is transferred from particle to particle, and 
the undulating motion darts through ether like a wave 
ilk water. Ahhoa^ the progressive motion of light is 
known by experience to be uniform and in a straight 
hntt, the vibrations of the particles are always at right 
angles to the direction of the ray. The propagation of 
light is like the spreading of waves in water ; but if one 
n^ alone be ccmsidered, its motion may be conceived by 
supposing a rope of indefinite length stretched horizon- 
taUy, one end of vdiich is held in the hand. If it be 
agitated to and fro at regular intervals, with a motion 
perpendicular to its length, a series of similar and eqm^ 
tremors or waves will be (nropagated along it ; and if the 
regular impulses be given in a viuriety of planes, as up 
aivd down, from right to left, and also in oblique dnrec« 
taons, tiie successive undulations will take place in every 
poaaible plane. An analogous motion in the ether, 
when conmmnicated to the optic nerves, would produce 
the sensation of common light. It is evident that the 
waves whKh flow from end to end of the cord in a ser- 
pentine form, are altogether different from the perpen^ 
dicular vibratory motion of each particle of the rope, 
\diich nevwr deviates fin: from a state of rest. So in 
ether, ea(di pmrtiele vifonLtea perpendicularly ta the di- 
rection of the ray ; but these vibrations are totally dif- 
ferent from, and independent of, the undulations which 
■re transmitted through it, in the same manner as the 
vibrations of each particular ear of corn are independent 
of the waves that rush horn end to end of a harvest field 
when agitated by the wind. 

The intensity of light depends upon the amfriitude or 
extent of the v^ations of die particles of ether ; while 
its color depends upon their frequency. The time of 
the vibration of a particle of ether is by theory, as the 
lemgSk of a mem ^nelttsr, and Invenely aa its vetodty. 
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Now, as the velocify of light is known to be 190,000 
miles in a second, if the length of the waves of the dif- 
ferent colored rays conld be measured, the nnmber of 
vibrations in a second corresponding to each conld be 
computed; that has been accompiiBhed as follows:—- 
All transparent substances of a certain thickness, with 
parallel surfaces, Reflect and transmit white light ; but 
if they be extremely thin, both the reflected and trans* 
mitted light is colored. The yivid hues on soap-bubbles, 
the iridescent colors produced by heat on polished steel 
and copper, the fringes of color between tiie laminae of 
Iceland spar and sulphate of lime, all consist of a suc- 
cession of hues disposed in the same order, totally inde- 
pendent of the color of the substance, and determined 
sdely by its greater or less thickness, a circumstance 
which affords the means of ascertaining the length of 
the waves of each colored ray, find the frequency of the 
vibrations of the particles producing them. If a plate of 
glass be laid upon a lens of almost imperceptible curva- 
ture, before an open window ; when they are pressed to- 
gether a black spot wiU be seen in liie point of contact, 
surrounded by seven rings of vivid colors, all diflFering 
from one anodier (N. 194). In the first ring, estimated 
from the black spot, the colors succeed each other in the 
following <n:der :*^Uack, veiy faint blue, brilliant white, 
yellow, orange, and red. They are quite different in 
the other rings, and in the seventh the only colors are 
pale bluish-green and very pale pink. That these rings 
are fcMrmed between the two surfaces in apparent con- 
tact may be proved by laying a prism on the lens, in- 
stead of the plale of glass, and viewing the rings throu^ 
the inclined side of it that is next to die eye, which ar- 
rangemeid; prevents the light reflected from the upper 
surface mixing with that from the surfaces in contact, so 
that the intervals between the rings appear perfectly 
black,-— one of the strongest circumstances in £ftvor of 
the undulatory theory ; fcnr although the phenomena' of 
the rings can be explained by either hypothesis, there 
is this materia diflerence, that according to the uhdu" 
latory theory, the intervals between the rings ought te 
be absolutely black, which is con^rmed by experiment | 
whereas by the doctrine of emanation they ought to h% 
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half illQminated, which is not found to be the case. M. 
Fresnel, whose opinion is of the first authority, thought 
this test conclusive. It may therefore be conchided that 
the rings arise entirely from the interference of the 
rays : tibe light reflected from each of the surfaces in 
apjMirent contact reaches the eye by pedis of difierent 
lengths, and produces colored and daf k rmgs alternately, 
according as the reflected waves coincide or destroy one 
another. The breadths of the rings are unequal ; they 
decrease in width, and the colors become more crowded, 
as they recede from the center. Colored rings are also 
produced by transmitting light through the same ap- 
paratus ; but the colors are less vivid, and are comple- 
mentary to those reflected, consequendy the central spot 
is white. 

The size of the rings increases with the obliquity of 
the incident light ; the same color requnring a greats 
thickness or space between the glasses to promice it than 
when the light &lls perpendicvdarly upon tfaem. Now 
if the apparatus be placed in homogeneous instead of 
white light, the rings will all be of the same color with 
that of ue light empkiyed. That is to say, if the light 
be red, the rings will be red divided by black intervals. 
The size of the rings varies with the color of the light. 
They are largest in red, and decrease in magnitude with 
the succeeding prismatic colors, being smaltost in violet 
light. 

Since one of the glasses is plane and the other spheri- 
cal, it is evident that from the point of contact, the space 
between tbem gradually increases in thickness all round, 
so that a certain thickaess of air corresponds to each 
color, which in the unliulatory system measures the length 
of the wave producing it (N. 195). By actual measure- 
ment. Sir Isaac Newton found. that the squares of the di- 
ameters of the brightest part of each ring are as the odd 
numbers, 1, 3, 5, 7, &c. ; and tbat the squares of'^the diam- 
eters of the darkest parts are as the even numbers, 0, 2, 4, 
6, &c. Consequently the intervals between the glasses 
at these points are in the same proportion. If, then, 
the thickness of the air corresponding to any one color 
could be found, its thickness for all the others would be 
known. Now as Sir Isaac Newton kaei*' ^he radius n^ 
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cuxVatare of the letis, and the «ctna) breadth of the 
rings in parts of an inch, it was easy to compute that 
the thickness of air at the darkest part of the first ring 
is the ^i^jf part of an inch, whence all the others have 
been deduced. As these intervals determine the length 
of the waves on the undulatory hypothesis, it appears 
that the length of a wave of the extreme red of the 
solar spectrum is equal to the •0000266th part of an 
inch ; that the length of a wave of the extreme violet is 
equal to the 0-00001 67th part of an inch; and as the 
time of a vibration of a particle of ether producing any 
particular cok>r is dh-ect]y as the length of a wave of that 
color, and inversely as the velocity of light, it follows 
that the molecules of ether producing the extreme red 
of the solar spectrum perform 458 millions of millions 
of vibrations in a second ; and that those producing the 
extreme violet accomplish 727 millions of millions of 
vibrations in the same time. The lengths of the waves 
of the intermediate colors, and the number of their 
vibrations, being intermediate between these t^o, white 
light, which consists of all the colors, is consequently 
a mixture of waves of all lengths between the limits of 
the extreme red and violet. The determination of these 
minute portions of time and ispace, both of which have 
a real existence, being the actual results of measure- 
ment, do as much honor to the genius of Newton as 
that of the law of gravitation. 

The phenomenon of the colored rings takes place in 
vacuo as well as in air ; which proves that it is the dis- 
tance between the lenses alone, and not the air, which 
produces the co](»*s. However, if water or oil be put 
between them, the rings contract, but no other change 
ensues; and Newton found that the thickness of differ- 
ent media at which a given tint is seen, is in the inverse 
ratio of their refractive indices, so that the thickness of 
lamina) which could not otherwise be measured, may be 
known by their color ; and as the position of the colors 
in the rings is invariable, they form a fixed standard of 
comparison well known as Newton's scale of colors; 
each tint being estimated according to the ring to which 
it belongs from the central spot inclusively. Not only 
the perKidical colors which have been described, but the 
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cokra Been in thick plate* of taranqMreot substaooes, tiw 
variable hues of feathen, of insects' wings, mother of 
pearl, and of striated substances, all depend upon the same 
principle. To these may be added tlie colored friaget, 
surrounding the shadows of all bodies held in an ex- 
tremely small beam of light, and the colored rings sur- 
rounding the small beam itself when received on a 
screen. 

When a veiy slender sunbeam passing through a 
small pin-hole into a dark room is receiveid on a white 
screen, or plate of ground glass, at the distance cf a litfle 
more than six feet, die spot of li^t on the screen is 
larger than the pin-hole ; and instead of being bounded 
by shadow, it is surrounded by a series of colored rings 
separated by obscure intervals. The rinss are more 
distinct in proportion to the smaUness of the beam (N. 
196). When the light is white, there are seven rings, 
which dilate or contract with the distance of the screen 
from the hole. As the distance of the screen dimin- 
ishes, the white central spot contracts to a point and 
vanishes; and on approaching still nearer, the rings 
gradually close in upon it, so that the center assumes 
successively the most intense and vivid hues. When 
the light is homogeneous, red, for example, the rings 
are alternately red and black, and more numerous ; and 
their breadth varies with the color, being broadest in red 
light and narrowest in violet. The tints of ibe oolored 
fringes from white light, and their obhteration after the 
seventh ring, arise from the superposition of the differ- 
ent sets of fringes of all the colored rays. The shadows 
of objects are also bordered by colored frmges when 
held in this slender beam of light. If the edge of a 
knife or a hair, for example, be held in it, the rays, in- 
stead of proceeding in straight lines past its edge, . are 
bent when quite close to it, and proceed from thence to 
the screen in curved lines called hyperbolas ; so that the 
shadow of the object is enlarged ; and instead of being 
at once bounded by light, is surrounded or edged with 
colored fringes alternating with black bands, which are 
more distinct the smaller the pin-hole (N. 197). The 
fringes are altogether independent of the form or density 
of the object, being the same when it is round or pointed. 
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when of glass or platina. When the rays which form 
the fringes arrive at the screen, they are of different 
lengths, in consequence of the curved path they follow 
after passing the edge of the object. The waves are 
therefore in different phases or states of vibration, .and 
either conspire to form colored fringes or destroy one 
another in the obscure intervals. l9ie colored Mnges 
bordering the shadows of objects were first described by 
Grimaldi in 1665; but besides these he noticed that 
there are others within* the shadows of slender bodies 
exposed to a small sunbeam, a phenomenon which has 
already been mentioned to have afforded Dr. Young the 
'means of proving beyond all controversy, that colored 
rings are produced by the interference of light. 

It may be concluded, that material substaiices deriye 
their colors from two different causes : some from the 
law of interference, such as iridescent metals, peacocks* 
feathers, &c.; others &om the unequal absorption of 
the rays of white light, such as vermilion, ultrajnarine, 
blue, or green doth, flowers, and the greater number of 
colored bodies. The latter phenomena have been con- 
sidered extremely difficult to reconcile with the uiidula- 
tory theory of light, and much discussion has ari89n aa 
to what becomes of the absorbed rays. But thai em- 
barrassing question has been ably answered by Sir John 
Herschel in a most profound paper, On the Absorption 
of Light by colored Media, and cannot be better given 
than in his own words. It must however be premised, 
that as all transparent bodies are traversed by light, 
they are presumed to be permeable to the ether. He 
says, " Now, as regards only the general fact of the ob- 
struction and ultimate extinction of light in its passage 
through gross media, if we compare the corpuscular and 
undulatory theories, we shall nnd that the former ap- 
peals to our ignorance, the latter to our knowledge, for 
its explanation of the absorptive phenomena. In at- 
tempting to explain the extinction of light on the corpus- 
cular doctrine, we have to account for the light so extin- 
guished as a material body, which we must not suppose 
annihilated. It may however be transformed; and 
among the imponderable agents, heat, electricity^ &c«, 
it may be that we are to search for the light whi(^ has 
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become tihus comparatrrely stagnant The heating 
power of the solar rays gives a primd facie plausibility 
to the idea of the tranfflormation of light into heat by 
absorption. But when we come to examine the matter 
more nearly, we find it encumbered on all sides with 
difficulties. How is it, for instance, that the most lu- 
minous rays are not the most calorific ; but that on the 
contrary, the calorific energy accompanies, in its jpeat- 
est intensity, rays which possess comparatively feeble 
tUuminating powers ? These and other questions of a 
similar nature may perhaps admit of answer in a more 
advanced state of our knowledge ; but at present there 
is none obvious. It is not without reason, therefore, 
that the auesdon ' What becomes of light V which ap- 
pears to have been agitated among the photologists of 
the last century, has been regarded as one of consider- 
able importance as well as obscurity by the corpuscular 
philosophers. On tlie other hand, the answer to this 
question, afforded by the undulatory theory of light, is 
simple and distinct. The question, * What becomes of 
li^t V merges in the more general one, * What becomes 
of motion ? ' And the answer, on dynamical principles, 
is, that it continues forever. No motion is, strictly 
speaking, annihilated ; but it may be divided, and the 
divided parts made to oppose and, in effect, destroy one 
another. A body struck, however perfectly elastic, 
ribrates for a time, and then appears to sink into its 
original repose. But this apparent rest (even abstract- 
ing from the inquiry that part of the motion which may 
be conveyed away by the ambient air) is nothing else 
than a state of subdivided and mutually destroying mo- 
tion, in which every molecule continues to be agitated 
by an indefinite multitude of internally reflected waves, 
propagated through it in every possible direction, from 
every point in its sur&ce on which they successively 
impinge. The superposition of such waves will, it is 
easily seen, at length operate their mutual destruction, 
whidi will be the more complete the more irregular the 
figure of the body, and the greater the number of inter- 
nal reflections." Thus Sir John Herschel, by referring 
the absorption of light to the subdivision and mutual 
destruction of the vibrations of ether in the interior of 
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bodies, brings another class of phenomena under the 
(aws of the undnlatoiy theory. 

The ethereal medium pervading space is supposed to 
penetrate all material substances, occupying the inter- 
stices between their molecules; but in the interior of 
refracting media it exists in a state of less elasticity 
compared with its density in vacuo; and the more 
refractive the medium, the less the elasticity of the 
ether within it. Hence the waves of li^t are trans- 
mitted with less velocity in such media as glass and 
water than in the external ether. As soon as a ray of 
Jight reaches the surfiice of a diaphanous reflecting sub- 
stance, for example a {date of glass, it communicates its 
undulations to the ether next in contact with the surface, 
which thus becomes a new center of motion, and two 
hemispherical waves are propagated from each point of 
this surface ; one of which proceeds forward into the 
interior of the glass, with a less velocity than the inci- 
dent waves ; and the other is transmitted back into the 
air, with a velocity equal to that with which -il^ came 
(N. 198). Thus when refracted, the light moves With 
a diflerent velocity without and within the glass ; when 
reflected, the ray comes and goes with the same ve- 
locity. The particles of ether without the ^ass, which 
communicate their motions to the particles of the dense 
and less elastic ether within it, are analogous to small 
elastic baUs striking large ones ; for some of the motion 
will be communicated to the large balls, and the small 
ones will be reflected. The first would cause the 
refracted wave ; and the last the reflected. Conversely, 
when the light passes from glass to air, the action is 
similar to large balls striking small ones. The small 
baUs receive a motion which would cause the refracted 
ray, and the part of the motion retained by the large 
ones would occasion the reflected wave ; so that when 
light passes through a plate of glass or of any other 
medium diflering in density from the air, there is a 
reflection at both surfaces; but this diflerence exists 
between the two reflections, that one is caused by a 
vibration in the same direction with that of the incident 
ray, and the other by a vibration in the opposite direction. 
' A single wave of^air or ether would not produce the 
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•OBsation of sound or light. In <»rder to excite visioii, 
the yibrations of the molecolefl of ether must be reguhur, 
peHodieal, and very often repeated; %Dd as the ear 
continueB to be agitated fiar a short time after the im- 
pulse by which alone a sound becomes continuous, so 
also the fibres of the retina, according to M. d'Arcet, 
continue to vibrate for about the eighth part of a secondf 
after the exciting cause has eeas^. Evexy one must 
have observed, when a strong impression is made by a 
bright light, that an object remains visible for a short 
time after shutting the eyes, which is supposed to be 
in consequence of the continued vibrations of the fibres 
of the retina. Occasionally the retina becomes insen- 
sible to feebly illuminated objects when continuously 
presented. If the eye be turned aside for a moment, 
ttie object becomes again visible. It is probably on this 
account that the owl makes so peculiar. a motion with 
its head when looking at objects in the twilight. It is 
quite possible that many vibrations may be excited in 
uie ethereal medium incapable of producing undulations 
in the fibres of the human retina, which yet have a 
powerful effect on those of other animals or of insects. 
Such may receive luminous impressions of which we 
are totally unconscious, and at the same time they may 
be insensible to the lig^t and colors which affect oar 
eyes ; their perceptions beginning where ours end. 


Section XXI. 


Pokrization of Light— >Defiiied—PcilariMtion by ReArvotion — ProMrtiM of 
. the Tourmaline — Double Refraction— All aoubl^ Refracted Light i$ 
Polarized — Properties of Iceland Spar— Tourmaline absorbs one of the 
two Reiracted Rars^-Uodoiatioiu of Natural Light— Undnlations of 
Polarized Light— The Optic Axes of Cr^rstals— M. Fk«snsl's Discoveries 
on the Rays passing along the Optic Axis — Polarization bj Reflection. 

In giving a sketch of the constitution of light, it is 
impossible to omit the extraordinaiy property of its po- 
larization, *Hhe phenomena of which,'' Sir John Her- 
schel says, ^*are so singular and various, that to one 
who has only studied the common branches of physical 
0))iic . it is I . o I'utoriiig into n uew world, so splendid 
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as to rander it one of the most delightful brftnehes of 
experimental inquiry, and so fertile in the views it lays 
open of the constitation of natural bodies, and the 
minuter mechanism of the universe, as to place it in the 
very first rank of the physico-mathematical seiences, 
which it maintains by tie rigorous application of geome- 
trical reasoning its nature admits and requires. 

Light is said to be polarised, which, by being once 
reflected or refracted, is rendered incapable of being 
again reflected or refracted at certain angles. In gene- 
ral, when a ray of light is reflected from a pane of plate- 
glass, or any other substance, it may be reflected a 
second time from another surfiice, and it will also pass 
finely through transparent bodies. But if a niy of light 
be reflected from a pane of plate-glass at an angle of 
57°, it is rendered totally incapable of reflection at the 
surface of another pane of glass in certain definite po- 
sitions, but it vnll be completely reflected by the second 
pane in other positions. It likewise loses the property 
of penetrating transparent bodies in particular positions, 
while it is freely transmitted by them in others. Light 
so modified as to be incapable of reflection add trans- 
mission in certain directions^ is said to be polarized. 
This name was originally adopted from an imaginary 
analogy in the arrangement of the particles of light on 
the corpuscular doctrine to the poles of a magnet, and is 
still retained in the undulatory theory. 

Light may be polarized by reflection from any polished 
sur&ce, and the same property is also imparted by re- 
fractien. It is proposed to explain these methods of 
polarizing lights to give a short account of its most re- 
markable properties, and to endeavor to describe a few 
of the spiendKi phenomena it exhibits. 

If a brown tourmafine, which is a mineral generally 
crystaUzed in the form oif a long prism, be cut lon^tu- 
dinally, that is, parallel to the axis of the prism, into 
plates about the thirtieth of an inch in thickness, and 
the surftoes polished, luminons objects may be seen 
throng tlwm, as through i^tes of colored glass. The 
axis of each plate is in its longitndinal section parallel to 
the axis of the prism whence it was cut (N. 199). If 
olie of these pktes be hekl perpendicularly between 
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the eye and a candle, aod torned sloyrij round is its 
own plane, no change wiU take place in the hnage of 
the candle. But if the plate be held in a fixed position, 
with its axis or longitadinal section yertical, when a 
second plate of toumudine is interposed between it and 
the eye, parallel to the first, and turned slowly round in 
its own plane, a remarkable change will be found to 
have taken place in the nature of the light. For the 
image of the candle will vanish and appear altemateW^ 
at every quarter revolution of the plate, varying tfaroujpi 
all degrees of brightness down to total, or almost total 
evanescence, and then increasing again by the same de- 
grees as it had before decreased. These changes de- 
pend upon the relative positions of the plates. When 
the longitadinal sections of the two plates are parallel, 
the brightness of the image is at its maximum ; and 
when the axes of the sections cross at right angles, the 
image of the candle vanishes* Thus the light, in pass- 
ing through the first plate of tourmaline, has acquired a 
property totally different from the direct li^t of the 
candle. The direct light would have penetrated the 
second plate equally well in aU directions, whereas the 
refracted ray will only pass through it in particular po- 
sitions, and is altogether incapable of penetrating it in 
others. The refracted ray is polarised in its passage 
through the first tourmaline, and experience ahows tluit 
it never loses that property, unless when acted upon by 
a new substance. Thus, one of the properties of po- 
larized light is the incapability c^ passing throu^ a plate 
of tourmaline perpendicular to it, in certain positionBT 
and its ready transmission in other positions at right 
angles to the former. 

Many other substances have the property of polar 
izing light. If a ray of light fidls upon a transparen 
me^um, which has the same temperature, density, an* 
structure throughout every part, as fluids, gases, ^ass 
&c., aod a few regularly crystaJized minerals, it is re 
fracted into a sing^ pencil of light by the; laws of ordi 
nary refraction, according to which the ray, passing 
through the refracting surface from the object to the 
eye, never quits a plime perpendicular to tluit surface 
\lmost all other bodies, such as the greater number of 
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crytiMzed minenils, animal and vegetable substances^ 
gams, resins, jellies, and aH solid bodies having mieqnal 
tensions, whether front unequal temperature or pres- 
sure, possess the property of doubling the image or ap- 
pearance of an object seen through them in eertam 
directions. Because a ray of natural light falling upon 
them is refracted into two pencils, which move with dif- 
ferent velocities, and are more or less separated, accord- 
ing to the nature of the body and the direction of the 
incident ray. Whenever a ray of natural light is thus 
divided into two pencils in its passage through a sub- 
stance, both of the transmitted rays are polarized. Ice- 
land spar, a carbonate of lime, which by its natural 
cleavage may be split into the form of a rhombohedron, 
possesses the property of double refraction in an emi- 
nent degree, as may be seen by pasting a piece of paper 
with a large pin-hole in it, on the side of the spar far- 
thest from the eye* Th^ hole will appear double when 
held to the light (N. 200). One of these pencils is re- 
fracted according to the same law as in glass or water, 
never quitting the plane perpendicular to the refracting 
surface, and is therefore called the ordinary ray. But 
the other does quit the {dane, being refracted according 
to a different and much more complicated law, and on 
that account is called the extraordinary ray. For the 
same reason one image is called the ordinary, and the 
other the extraordinary image. When the spar is turned 
round in the same plane, the extraordinary image of the 
hcde revolves about the ordinary image which remains 
fixed, both being equally bright. But if the spar be kept 
in one position and viewed through a plate of tourma- 
line, it will be found Chat as the tourmaline revolves, the 
images vary in their relative brightness — one increases 
in intensity till it arrives at a maximum, at the same 
time that die other diminishes tiU it vanishes, and so on 
alternately at each quarter revolution, proving both rays 
to be polarized. For in one position the tourmaline 
transmits the ordinary ray, and reflects the extraordi- 
nary; and after revolving 90°, the extraordinary ray is 
transmitted, and the ordinary ray is reflected. Thus 
another property of polarized light is, that it cannot be 
divided into two equal pencils by double refraction, is 
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potitkms of the doubly refimctiag bodies in whldi a ray 
of common light wouii be so divided. 

Were toormaiine like other doubly refracting bodies, 
each of the transmitted rays would be double ; but that 
mineral when of a certain thickness, after separating the 
li|^ into two polariased pencils, absorbs that which un- 
dergoes ordinary refraction, and consequently shows 
onfy one image of an object. On this account, tourma- 
line is pecufisrly fitted for analsrzing pdarized light, 
which shows noUiing remarkable till yieWed through it 
or something equivalent. 

The pencils of light, on leaving a double refracting 
substance, are para&l ; and it is clear from the prece* 
ding experiments, that they are polarisBed in planes at 
right angles to each other (N. 201^. But that will be 
bettei/ understood by considering tne change produced 
in common light by the action of the polarising body* It 
has been shown that the undukitions of ether, which 
produce the sensation of common light, are performed 
in every possible plane, at right angles to the direction 
in which the ray is moving. But Sie case is very dif- 
ferent after the ray has passed through a doubly redact- 
ing substance, like Iceland spar. The light then pro- 
ceeds in two parallel pencils, whose undulatkHis are still 
indeed transverse to die direction of the rays, but they 
are accomplished in planes at right angles to one an- 
other, analogous to two parallel stretch^ cords, one of 
which performs its undulations only in a horizontal 
plane, and the oth^r in a vertical or upright plane (N. 
201). Thus &e polarizing action of Iceland spar and 
of ail doubly refracting su^tances is, to separate a ray 
of common light, whose waves or undulatk)ns are in 
every plane, into two parallel rays, whose waves or un- 
dulations lie in planes at right angles to each other. The 
ray of common light may be assimilated to a round rod, 
whereas the two polarized rays are like two parallel 
king flat rulers, one of which is laid horizontally on its 
brcmd surface, and the other horizontally on its edge. 
The alternate transmission and obstruction of one of 
these flattened beams by the tourmaline is similar to the 
fadlity with which a card may be passed between the 
bars at a grating 4»r wires of a cage, if presented edge- 
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wsyB, and the impoesibility oi its passing in a transversa 
direction. 

Atehough it generaJlj happens that a ray of light, in 
passing through Iceland spar, is separated into two po- 
larized rays, yet there is one direction along which it is 
refracted in one ray only, and that according to the or- 
dinary law. This direction is called the <^tic axis 
(N. 202). Many crystals and other substances have 
two optic axes, inclined to each other, along which a 
ray of light is transmitted in one pencil by 3ie law of 
ordinary refraction. The extraordinary ray is some- 
times refracted toward the optic axis, as in quartz, zir- 
con, ice, dec., which are therefore said to be positive 
crystals; but when it is bent from the optic axis, as in 
Iceland spar, tourmaline, emerald, beryl, &c., the crys- 
tals are negative, which is the mo9t numerous class* 
The ordinary ray moves with uniform velocity witiiin a 
doubly refracting substance, but the velocity of tiie ex- 
traordinary ray varies with the position of the ray rela- 
tively to the optic axis, being a maximum when its mo- 
tion within the crystal is at right angles to the optic axis, 
and a minimum when parallel to it. Between these ex- 
tremes its velocity varies according to a determinate law. 

It has been inferred from tiie action of Iceland spar 
on light, that in all doubly refracting substances, one only 
of two rays is turned aside from Sie plane of ordinary 
refraction, while the other follows the ordinary law ; and 
the great difficulty of observing the phenomena tended 
to confirm that opinion. M. Fresnel, however, proved 
by a most profound mathematical inquiry, d pnori, that 
the extraordinary ray must be wanting in glass and other 
uncrystalized substances, and that it must necessarily 
exist in carbonate of lime, quartz, and other bodies hav- 
ing one optic axis, but that in a numerous class of sub- 
stances which possess two optic axes, both rays must 
undergo extraordinary refraction, and consequently that 
both must deviate from their original plane, and these 
results have been perfectiy confirmed by subsequent 
3xperiments. This theory of refraction, which for gen- 
eralization is perhaps only inferior to the law of gravita- 
tion, has enrolled the name of Fresnel among those 
which pass not away, and makes his early loss a subj^tt 
13 
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of de«p regret to all who tadie an interest in the higher 
paths of scientific research. 

When a beam of common light is partJy reflected at, 
and partly transmitted through, a transparent surface, 
the reflected and refracted pencils contain equal quanti- 
ties of polarized Hght, and their planes of polarization 
are at right angles to one another : hence a pile of panes 
of glass will give a polarized beam by refraction. For if 
a ray of common light pass through them, part of it 
will be polarized by tiie first {date, &e second plate will 
polarize a part of what passes through it, and the rest 
Witt do the same in succession, till the whole beam i^ 
polarized, except what is lost by reflection at the dif^ 
ferent surfaces, or by absorption. This beam is polar- 
iced in a plane at right angles to the plane of reflection, 
that is, at right angles to the plane passing through the 
incident and reflected ray (N. 203). 

By far the most convenient way of pokrizing light is 
by reflection. A plane of plate-glass laid upon a piece 
of black cloth, on a table at an open window, will appear 
of a uniform brightness from the reflection of the sky 
^ or clouds. But if it be viewed through a plate of tour- 
maline, having its axis vertical, instead of being iUnmi- 
nated as before, it will be obscured by a large cloudy 
spot, having its center quite dark, which will readily be 
found by elevating or depressing the eye, and will only 
be visible when the angle of incidence is 57°, that is, 
when the line from the eye to the center of the black 
spot makes an angle of 33° with the surface of the re- 
flector (N. 204). When the tourmaline is turned round 
in its own plane, the darfe^ cloud will diminish, and en- 
tirely vanish when the axis of the. tourmaline is horizon- 
tal, and then every part of the surface of the glass will 
be equally illuminated. As the tourmaline revives, the 
cloudy spot will i^opear and vanish alternately at every 

Suarter revolution. Thus, when a ray of li^t is inct- 
ent on a pane of plate-glass at an angle of 57°, the re- 
flected ray is rendered incapable of penetrating a plate 
of tourmaline, whose axis is in the plane of incidence. 
Consequently it has acquired the same character as if 
it had been polarized by transmission through a plate 
of lourmiUiiie, wi& its axis at rig^t angles to liie pfarn^ 
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II is fouod by experience limt lliid potar^ 
JBBed ny is incapable of a second reflection at certain 
aog^ and in certain positions of the incident plane* 
For if another pane of i^ate-^ass having one surface 
Uackened, be so placed as to make an angle of 33° with 
the reflected ray, the image of the fyr9t pane will be re- 
flected in its snrace, and will be alternately iUuminated 
and obscured at every quarter revolutiou of the black- 
ened pane, according as the plane of reflection is parallel 
or perpendicular to the plane of polarization. Since 
this happens by whatever means the light has been 
polarized, it evinces another general proper^ of polar^ 
ized light, which is, that it is mcapable of reflection in a 
l^ane at right angles to the plane of polarization. 

AH reflecting surfaces are capable of polarizing light, 
but the angle of incidence at which it is completehr 
polarized is different in each substance (N. 205). It 
feppears that the an^ for plate-glass is 57° ; in crown* 
l^s it is 56° 55', and no ray will be completely polar- 
ieed*by water, unless the angle of incidence be 53° ll'i 
The angles at which different substances polarize light 
are determined by a very simple and elegant law, &b^ 
covered by Sir David Brewster, '* That t^e tangent of 
the polarizing angle for any medium is equal to the sine 
of the angle of incidence divided by the sine of the angle 
of refraction of that medium." Whence also the re- 
fractive power even of an opaque body is known when 
its polarizing angle has been determined. 

Metalhc substances, and such as are of high refra c tivB 
powers, like the dianumd, polarize imperfectly. 

If a ray polarized by refraction or by reflection from 
any substance not metallic, be viewed through a piece 
of Iceland spar, each image will alternately vani^ and 
reappear at every quarter revdutaon of the spar, whether 
it revolves from right to left, or from left to right ; whidi 
shows that the properties of the polarize^ ray are sym- 
metrical on each side of the plane of polarization. 

Although there be only one angle in each substance 
at which Ight is completely polarized by one reflection, 
yet it may be polarized at any angle of incidence by a 
sufficient number of reflections. For if a ray falls upon 
the upper surface of a pil? of plates of glass at an angle 
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mater or less than a polarizing angle, a part only of 
me reflected ray will be polarized|»>bat a part of what is 
transmitted will be polarized by reflection at the sor- 
jbce of the second i^te, part at the third, and so on till 
the whole is poralized. This is the best appaxatns ; but 
one plate of ^ss haring its inferior surfiuse blackened, 
or even a poluhed table, will answer the purpose. 


Section XXII. 


Phenomena exhibited by the passage of Polariied Light through Mica and 
Snlphaie of Lime— The Colored Images produced b^ Polarized Light 
passing thronsh Crystals having one and two Optic Axes— Circular 
Polarization— Elliptical Polarization — Discoveries of MM. Biot, Fresnel, 
and Pr<rfessor Airy — Colored linages produced by the Interference of 
Polarized Rays. 

Such is the nature of polarized fight and of the laws 
it follows. But it is hardly possible to convey an idea of 
the splendor of the phenomena it exhibits under circum- 
stances which an attempt will now be made to describe. 

If light polarized by reflection from a pane of glass be 
viewed through a pls^e of tourmaline, with its longitudi- 
nal section vertical, an obscure cloud, with its center 
totally dark, will be seen on the glass. Now let a plate 
of mica, uniformly about the thirtieth of an inch in thick- 
ness, be interposed between the tourmaline and the 
glass ; the dark spot wifl instantly vanish, and instead of 
it, a succession oi the most gorgeous colors will appear^ 
varying with every inclination of the mica, from the 
richest reds, to the most vivid greens, blues, and purples 
(N. 206). That they may be seen in perfection, -the 
mica must revolve at right angles to its own plane. 
When the mica is turned round in a pluie perpendicu- 
lar to the polarized ray, it will be found that there are 
two lines in it where tfae colors entirely vanish. These 
are the optic axes of the mica, which is a doubly refract- 
infi^ substance, vrith two optic axes, along which hght is 
renracted in one pencil. 

No cok>rs are visible in the mica, whatever its position 
may be with regard to the polarized light, without the 
aid of the tourmaline, which separates the transmitted 
ray into two pencils of colored light ccmplementary to 
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one another, that is, which taken together would make 
white light. One of these it absorbs, and transmits the 
other ; it is therefore called the analyzing plate. The 
truth of this will appear more readily, if a film of sul- 
phate of lime between the twentieth and ^tieth of an 
inch thick be used instead of the mica. Wlien the film 
is of uniform thickness, only one color will be seen when 
it is placed between the analyzing plate and the reflect- 
ing glass ; as, for example, red. But when the tourma- 
line revolves, the red will vanish by degrees till the film 
is colorless ; then it will assume a green hue, which 
will increase and arrive at its maximum when the tour- 
maline has turned through ninety degrees ; after that 
the green will vanish and the red will reappear, alter- 
nating at each quadrant. Thus the tournoaline separ- 
ates the light which has passed through the film into a 
red and a green pencil ; in one position it absorbs the 
green and lets the red pass, and in another it absorbs 
file red and transmits the green. This is proved by 
analyzing the ray with Iceland spar instead of tourmaline ; 
ior since the spar does not absorb the light, two images 
of the sulphate of lime will be seen, one red add Qie 
other green, and these exchange colors every quarter 
revolution of the spar, the red becoming green, and the 
green red ; and where the images overlap, the color is 
white, proving the red and jgreen to be complementary 
to each other. The tint depends on the diickness of 
the film. Films of sulphate of lime, the 0*00124 and 
0*01818 of an inch respectively, give white light in what- 
ever position they may be held, provided l£iey be per- 
pendicular to the polarized ray ; but films of interme- 
diate thickness will give all colors. Consequently, a 
wedge of sulphate of lime, varying in thickness between 
the 0*00124 and the 0*01818 of an inch, will appear to 
6e striped with all colors when polarized light is trans- 
mitted through it. A change in the inclination of the 
film, whether of mica or siSphate of lime, is evidently 
equivalent to a variation in thickness. 

When a plate of mica, held as close to the eyes bb 
possible at such an inclination as to transmit the pohu> 
ized ray along one of its optic axes, is viewed through the 
tourmaline with its axis vertical, a most splent^ appear*. 
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anee is praseoted. The cloudy spot in the direction ef 
the optic axis is seen snrroaoded by a set of Tividty 
colored rings oi an oval form, divided into two unequal 
parts by a black curved band passing through the cloudy 
spot about which the rings are formed. The other optic 
axis of the mica exhibits a similar image (N. 207). 

When the two optic axes of a crystal make a small 
angle with one another, as in nitre, ^le two sets of rings 
touch externally ; and if the plate of nitre be tamed round 
in its own pUme, the black transverse bands undergo 
a variety of changes, tiU at last the whole richly colored 
image assumes the form of the figure 8, traversed by a 
black csroas (N. 208). Substances with one optic axis 
have but one set of colored circular rings, with a broad 
black cross passing through its center, dividing the lings 
into four equal parts. When the analyzing plate re- 
volves, this figure recurs at eveiy quarter revolution ; 
but in the intermediate positions it assumes the com^ 
plementary colors, the black cross becoming white. 

It is in vain to attempt to describe the beautiful pha- 
nomena exhibited by innumerable bodies, which undei^o 
periodic changes in form and color when the analyzing 
plate revolves, but not one of them shows a trace «? 
cok)r without tiie aid of tourmaline or something equiv- 
alent to analyze tiae light, and aa it were to call uiete 
beautiful phantoms into existence. Tourmaline has the 
disadvantage of being itself a cokxred substance ; but 
that inconvenience may be obviated by employing a re- 
flecting surface as an analyzing {date. When pokirized 
light is reflected by a plate of glass at the pokirizing 
anglot it will be separated into two colored pencils ; and 
when the analyzing plate is turned round in its own 
plane, it will alternately reflect each ray at every quar- 
ter revolution, so. that all the phenomena that have be«i 
described will be seen by reflection on its surface. 

Colored rings are produced by analyzing polarized 
iight transmitted throu^ gbss melted and suddenly or 
unequally cooled; also t£rou|^ thin plates of glass 
•bent with the hand, jelly indurated or compressed, &e, 
dec. In short, all the phenomeiia of colored rinp may 
he produced, either permanently or tranaientiy, in a 
«Kialgr of aubstanoee, by heat and cold, rapid coolingk 
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compressioQ, dilatatioii, and induration; and so little 
apparatus is necessary for performing the experiments, 
that, as Sir John Herschel says, a piece of window- 
glass or a polished table to polarize ^e light, a sheet of 
clear ice to produce the rings, and a broken fragment 
of plate -glass placed near the eye to analyze the light, 
are alone requisite to produce one of the most splendid 
of optical exhibitions. 

It has been observed, that when a ray of light, 
polarized by reflection from any surface not metallic, is 
analyzed by a doubly refracting substance, it exhibits 
properties which are symmetrical both to the right and 
left of the plane of reflection, and the ray is then said 
to be polarized according to that plane. This symmetry 
is not destroyed when the ray, before being analyzed, 
traverses the optic axis of a crystal having but one 
optic axis, as evidently appears from the circular forms 
of th^ colored rings afready described. Regularly crys- 
talized quartz, however, forms an exception. In it, 
even though the rays should pass through the optic 
axis itself, where there is no double refraction, the 
primitive symmetry of the ray is destroyed, and the 
plane of primitive polarization deviates either to the 
right or left of the observer, by an angle proportional * 
to the thickness of the plate of quartz. This angular 
motion, or true rotation of the plane of polarization, 
which is called circular polarization, is clearly proved by 
the phenomena. The colored rings produced by all 
crystals having but one optic axis are circular, and 
traversed by a black cross concentric with the rings ; so 
that the light entirely vanishes throughout the space 
inclosed by the interior ring, because there is neither 
double refraction nor polarization along the optic axis. 
But in the system of rings produced by a plate of 
quartz, whose surfaces are perpendicular to the axis of 
the crystal, the part within the interior ring, instead of 
being void of light, is occupied by a uniform tint of red, 
green, or blue, according to the thickness of the plate 
(N. 209). Suppose the plate of quartz to be ^^ of an 
inch thick, which will give the red tint to tHe space 
within the interior ring; when the analyzing plate is 
turned in its own plane through an angle of 17i°, the 
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red hue vanishes. If a plate of rock crystal ^ of an 
inch thick be used, the ai^yzing plate must revolve 
through 35° before the red tint vanishes, and so on; 
every additional 25th of an inch in thickness requiring 
an additional rotation of 17|° ; whence it is manifest 
that the plane of polarization revolves in the direction 
of a spiral within the rock crystal. It is remarkable 
that in some crystals of quartz, the plane of polarization 
revolves from right to left, and in others nrom left to 
right, although the ciystals themselves differ apparently 
o^y by a very slight, almost imperceptible variety in 
form. In these phenomena, the rotation to the right is 
accomplished according to the same laws, and with the 
same energy, as that to the left- But if two plates of 
quartz be interposed which possess different affections, 
the second plate undoes, either wholly or partly, the 
rotatory motion which the first had produced, according 
as the plates are of equal or unequal thickness. When 
the plates are of unequal thickness, the deviation is in 
the direction of the strongest, and exactly the same 
with that which a third pkite would produce equal in 
thickness to the difference of the two. 

M. Biot has discovered the same properties in a 
variety of liquids. Oil of turpentine, and an essential 
oil of laurel, cause the plane of polarization to turn to 
the left, whereas the syrup of sugar-cane, and a solu- 
tion of natural camphor by alcohol turn it to the right 
A compensation is effected by the superposition or 
mixture of two liquids which possess tiiese opposite 
properties, provided no chemical action takes place. A 
remarkable difference was also observed by M. Biot 
between the action of the particles of the same sub- 
stances when in a liquid or solid state. The syrup of 
grapes, for example, turns the plane of polarization to 
the left as long as it remains liquid ; but as soon as it 
acquires the solid form of sugar, it causes the plane of 
polarization to revolve towe^ the right, a property 
which it retains even when again dissolved. Instances 
occur also in which these circumstances are reversed. 

A ray of light passing through a liquid possessing the 
power of circular polanzation is not affected by mixing 
other fluids with the liquid — such as water, ether. alpQ 
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hbl, 6cc. — ^which do not possess circular polarixatiou 
themselves, the angle of deviation remaining exactly the 
same as before the mixture. Whence M. Biot infers 
that the action exercised by the liquids in question 
does not depend npon their mass, but that it is a mole- 
cular action exercised by the ultimate particles of mat- 
ter, which depends solely upon the individual constitu- 
tion, and is entirely independent of the positions and 
mutual distances of the particles with regard to each 
other. These important discoveries show, that circular 
polarization surpasses the power of chemical analysis in 
giving certain and direct evidence of the similarity or 
difference existing in the molecular constitution of bodies, 
as well as of the permanency of that constitution, or of 
the fluctuations to which it may be liable. For example, 
no chemical difference has been discovered between 
syrup from the sugar-cane and syrup from grapes. Yet 
the first causes the plane of polarization to revolve to 
the right, and the other to the left ; therefore some es- 
sential difference must exist in the nature of their ulti- 
mate molecules. The same difference is to be traced 
between the juices of such plants as give sugar similar 
to that from tiie cane, and those which give sugar like 
that obtained from grapes. This eminent philosopher 
is now engaged in a series of experiments on the pro- 
gressive changes in the sap of vegetables at different 
distances from their roots, and on the products that are 
formed at the various epochs of vegetation, from their 
action on polarized light. 

It is a fact established by M. Biot, that in circular 
polarization, the laws of rotation followed by the differ- 
ent simple rays of light are dissimilar in different sub- 
stances. \^ence he infers that the deviation of the 
simple rays from one another ought not to result from 
a special property of the luminous principle only, but 
that the proper action of the molecules must also concur 
in modifying the deviations of the simple rays differently 
in different substances. 

One of the many brilfiant discoveries of M. Fresno 
is the pi'oduction of circular and eDiptical polarization by 
the internal reflection of light from plate glass. He has 
shown tliat if fight polarizf)d by any of the usual metbodi 
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be twice reflected within a glass rhomb (N. 166) of a giyes 
form, the vibrations of the ether that are perpendicular 
to the plane of incidence will be retarded a quarter of a 
vibration, which causes the vibrating particles to describe 
circles, and the succession of such vibrating particles 
throughout the extent of a wave to form altogether a 
circular helix, or curve like a corkscrew. However, 
that only happens when the plane of polarization is 
inclined at an angle of 45° to the plane of incidence* 
When these two planes form an angle either greater 
or less, the succession of vibrating particles forms an 
elliptical helix, which curve may be represented by 
twisting a thread in a spiral about an oval rod. These 
curves will turn to the right or left, according to the 
position of the incident plane. 

The motion of the ethereal medium in elliptical and 
circular polarization may be represented by the analogy 
of a stretched cord ; for if the extremity of such a cord 
be agitated at equal and regular intervsJs by a vibratory 
motion entirely confined to one plane, the cord will be 
thrown into an undulating curve lying wholly in that 
plane. If to this motion there be superadded another 
similar and equal, but perpendicular to the first, the 
cord will assume the form of an elliptical helix ; its ex- 
tremity will describe an ellipse, and every molecule 
throughout its length will successively do the same. But 
if the second system of vibrations commence exactly a 
quarter of an undulation later than the first, the cord will 
take the form of a circular helix or cork-screw ; the 
extremity will move uniformly in a circle, and every 
molecule throughout the cord will do the same in suc- 
cession. It appears, therefoi*e, that both circular and 
elliptical polarization may be produced, by the compo- 
sition of tiie motions of two rays in which the particles 
of ether vibrate in planes at right angles to one another. 

Professor Airy, in a very profound and able paper 
published in the Cambridge Transactions, has proved 
that aU the different kinds of polarized light are obtained 
from rock crystal. When polarized light is transmitted 
through the axis of a crystal of quartz, in the emergent 
ray the particles of ether move in a circular helix; and 
when it is transmitted obliquely so as to form an angle 


0K«. XXII. ELUFTIGAL fOhUJaumON* IBT 

wi& th« axis (^ the prism, the particles of ether more 
in aD elliptical helix, the ellipticity increasing with the 
obliquity of the incident ray ; so that, when the incident 
ray faUs perpendicularly to the axis, the particles of 
ether move in a straight line. Thus quartz exhibits 
eveiy variety of elliptical p(darization> even including 
the extreme cases where the eccentricity is zero, or 
equal to the greater axis of the ellipse (N. -210^. In 
many crystals the two rays are so little separateot that 
It is (Hily from the nature of the transmitted light that 
they are known to have the property of double refrac- 
tion. M. Fresnel discovered by experiments on the 
properties of light pas^g through the axis of quarta> 
that it consists of two superposed rays, moving with 
different velocities ; and Professor Airy has shown, that 
in these two rays, the molecules of ether vibrate in 
similar ellipses at right angles to each other, but in dif- 
ferent directions; that their eUipticity varies with the 
angle which the incident ray makes with the axis ; and 
that, by the composition of their motions, they produce 
all the phenomena of polarized li^t observed in quartz. 

It appears from what has been said, that the mole- 
cules of ether always perform their vibrations at right 
angles to the direction of tine ray, but very differently in 
the various kinds of light. In natural light the vibrations 
are rectilinear, and in every plane. In ordinaiy polar- 
ized light they are rectilinear, but confined to one plane ; 
in circular pc^arization the vibrations are circular ; and 
in elliptical polarization the molecules vibrate in eUipses. 
These vibrations are communicated from molecule to 
molecule, in straight lines when they are rectiUnear, in 
a circular helix when they are circular, and in an oval 
or elliptical helix when elhptical. 

Some fluids possess the properly of circular polar- 
ization, as oil of tui^ntine ; and elliptical polarization, 
or something similar, seems to be produced by reflection 
from metallic surfaces. 

The colored images from polarized light arise from 
the interference of the rays (N. 211). MM. Fresnel 
imd Arago found that two rays of polarized light inter- 
fere and produce cotored fringes if they be polarized in 
the same plane, )ut that they do not interfere wJien 
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polarized in different planes. In all intermediate pod* 
tions, fringes of intermediate brightness are produced. 
The analogy of a stretched cord wiQ show how this 
happens. Suppose the cord to be moved backward and 
forward horizontally at equal intervals ; it will be thrown 
into an undulating curve lying all in one plane. ' If to 
this motion there be superadded another similar and 
equal, commencing exactly half an undulation later than 
the first, it is evident that the direct motion eveiy mole- 
cule will assume, in consequence of the first system of 
waves, will at every instant be exactly neutralized by 
the retrograde motion it would take in virtue of the 
second ; and the cord itself will be quiescent in conse- 
quence of the interference. But if the second system 
of waves be in a plane perpendicular to the first, the 
effect would only be to twist the rope, so that no inter- 
ference would take place. Rays polarized at right an- 
gles to each other may subsequently be brought into the 
same plane without acquiring the property of producing 
colored ^nges ; but if they belong to a pencil the whole 
of which was originally polarized in the same plane, tbi&y 
will interfere. 

The manner in which the colored images are formed 
may be conceived, by considering that when polarized 
light passes through itie optic axis of a doubly refnurting 
substance,-'— as mica, for example, — it is divided into two 
pencils by the analyzing tourmaline ; and as one ray is 
absorbed there can be no interference. But when 
polarized light passes through the mica in any other 
direction, it is separated into two white rays, and these 
are again divided into four pencils by the tourmaline, 
which absorbs two of them ; and the other two, being 
transmitted in the same plane with different velocities, 
interfere and produce the colored j^enomena. If the 
analysis be made with Iceland spar, the single ray pass- 
ing through the optic axis of the mica will be refracted 
into two rays pokurized in different planes, and no in- 
terference will happen. But when two rays are trans- 
mitted by the mica, they will be separated into four by 
the spar, two of which will interfere to form one image, 
and the other two, by their interference, will produce 
the complementary colors of the other image, when tha 
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spar has revolved through 90^ ; becausei in such posi- 
tions of the spar as produce the colored images, only 
two rays are visible at a time, the other two being re' 
fleeted. When the analysis is accomplished by reflec- 
tion, if two rays are transmitted by the mica, they are 
polarized in planes at right angles to each other. And 
if the plane of reflection of either of these rays be at 
right angles to the plane of polarization, only one of 
them wQl be reflected, and therefbre no interference 
can take place ; but in all other positions of the analy- 
sing plate both rays vnll be reflected in the same plane, 
and consequently will produce colored rings by their 
interference. 

It is evident that a great deal of the light we see must 
be pdarized, since most bodies which have the power 
of reflecting or refracting light also have the power of 
polarizing it. The blue lig^t of the sky is completely 
polarized at an angle of 74° from the sun in a plane 
passing through his center. 

A constellation of talent almost unrivaled at any 
period in the history of science, has contributed to the 
theory of polarization, though the original discovery of 
that property of light was accidental^ and arose from an 
occurrence which like thousands of others would have 
passed unnoticed, had it not happened to one of those 
rare minds capable of drawing the most important in- 
ferences from circumstances apparently trifling. In 
1808, while M.Malus was accidently viewing with a 
doubly-refracting prism a brilliant sunset reflected from 
the windows of ^e Luxembourg palace in Paris, on 
turning the prism slowly round, he was surprised to 
see a very great diflerence in the intensity of the two 
images, the most refracted alternately changing from 
orightness to obscurity at each quadrant of revolution. 
A A phenomenon so unlooked for induced him to investi- 

^ gate its cause, whence sprung one of the most elegant 

and refined branches of physical optics. 
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Bkctiow XXIII. 

Obiectians to the TJndalatory Theory, from a Difference in the Action of 
Sound and Light under the same eircamataneee, removed— The Diaper- 
■ien of Light aooordinf to the Undalatoi7 Theofj. 

The numeroiifl phenomena of periodical colors triging 
from &e interference of light, which do not admit <rf 
satiBftctorjr explanation on any other principle than the 
ondnlatory theory, are the strongest arguments in favor 
of that hypothesis ; and even eases which at one tiin* 
seemed unfavorable to that doctrine have proved upon 
investigation to proceed from it alone. Such is the er- 
nmeoos objection which has been made, in consequence 
of a diflbrence in the mode of ac^n of light and sound, 
utider the same circumstances, in one particular in- 
stance. When a ray of light from a luminous point, 
and a diverging sound, are both transmitted through a 
very smalt hole into a dark room, the li^t goes straight 
Ibrward and illuminates a smaU spot on ti^e opposite wall, 
leaving the rest in darkness ; whereas the sound on en- 
tering diverges in all directions, and is heaigd in every 
port of the room. These phenomena, however, instead 
of being at variance with the undulatory theory, are 
direct consequences of it, arising from the very great 
difference between the maenitnde of the undulations of 
sound and those of light. The undulations of light are 
incomparably less than the minute aperture, while those 
of sound are much greater. Therefore when Mght di- 
verging from a luminous point enters the hole, the rays 
round its edges are oblique, and consequently of different 
lengths, whUe those In the center are direct, and nearly 
or altogether of the same lengths. So thi^ the smalt 
undulations between the center and the edges are in 
different phases, that is, in different states of undula* 
tion. Therefore the greater number of them interfere, 
and by destroying one another produce darkness all 
arouna the edges of the aperture ; whereas the central 
rays having the same phases, combine, and produce a 
spot of bright light on a wall or screen directly opposite 
the hole. The waves of air producing sound, on the 
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cdiilr&ry, being veiy large compared with the hole, do 
not sensibly diverge in passing through it. and are there- 
fore all so nearly of the same length, and consequently 
in the same phase, or state of undulation, that none of 
them mterfere sufficiently to destroy one another. 
Hence all the particles of air in the room are set into a 
state of Tibration, so that the intensity of the dound is 
very nearly everywhere the same. Strong as the pre- 
ceding cases may be, the following experiment made by 
M. Arago about twenty years ago seems to be decisive 
in favor of the undulatory doctrine. Suppose a plano- 
convex lens of very great radius to be placed upon a 
plate of very highly polished metal. When a ray of 
polarized light Mis upon this apparatus at a very great 
angle of incidence, Newton*s rings are seen at the point 
of contact. But as the polarizing angle of glass differs 
from that of metal, when the light ftdls on the lens at 
the polarizing angle of glass, the black spot and the sys- 
tem of rings vanish. For although light in abundance 
continues to be reflected from the surface of the metal, 
not a ray is reflected from the surface of the glass that 
is in contact with it, consequentiy no interference can 
take place ; which proves, beyond a doubt, that New- 
ton's rings result from the interference of the light re- 
flected from both the surfaces apparently in contact (N. 
194V 

JNotwithstanding the successful adaptation of the un- 
dulatory system to phenomena, the dispersion of light 
for a long time offered a formidable objection to that 
theory, which has only been removed during the present 
year by Professor Powell of Oxford. 

A sunbeam falling on a prism, instead of being re- 
fracted to a single point of white light, is separated into 
its component colors, which are dispersed or scattered 
unequally over a considerable space, of which the portion 
occupied by the red rays is the least, and that over which 
the violet rays are dispersed is the greatest. Thus the 
rays of the colored spectrum whose waves are of differ- 
ent lengths, have di^erent degrees of refrangibility, and 
consequently move with different velocities, either in the 
medium which conveys the light from the sun, or in the 
refracting medium, or i both ; whereas rays of all colors 
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eome from the sun to the earth with the same velocity 
If, indeed, the velocities of the various rays were differ- 
ent in space, the aberration of the fixed stars, which is 
inverse^ as the velocity, would be different for different 
colors, and every star would appear as a spectrum whose 
length would be parallel to the direction of the earth*s 
motion, which is not found to agree with observation. 
Besides, there is no such difference in the velocities of 
the long and short waves of air in the analogous case of 
sound, since ndtes of the lowest and highest pitch are 
heard in the order in which they are struck. In fiict, 
when the sunbeam passes from air into the prism its 
velocity is diminished ; and as its refraction and conse- 
quently its dispersion depend solely upon the diminished 
velocity of the transmission of its waves, they ought to 
be the same for waves of all lengths, unless a connection 
exists between the length of a wave, and the velocity* 
with which it is propagated. Now this connection be- 
tween the length of a wave of any color and its velocity 
or refrangibility in a given medium, has been deduced 
by Professor Powell from M. Cauchy's investigations of 
tne properties of light on a peculiar modification of the 
undulatory hypothesis. Hence the refrangibility of the 
various colored rays computed from this relation for any 
given medium, when compared with then* refrangibility 
in the same medium determined by actual observation, 
will show whether the dispersion of light comes under 
the laws of that theory. But in order to accomplish 
this, it is clear that the length of the waves should be 
found independently of refraction, and a very beautiful 
discovery of M. Fraunhofer furnishes the means of 
doing so. 

That philosopher obtained a perfectly pure and com- 
plete colored spectrum with all its dark and bright lines 
by the interference of light alone, from a sunbeam pass- 
ing through a series of fine parsdlel wires covering the 
object glass of a telescope. In this spectrum, formed 
independently of prismatic refraction, the positions of 
the colored rays depend only on the lengths of their 
waves, and M. Fraunhofer found that the intervals be- 
tween them are precisely proportional to the differences 
of these lengths. He measured the lengths of the waves 
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of the difierenft ooimrs at sevDn fixed points, determined 
by aeren of the principal dark and bright lines. Frofes- 
•or Pow^ availing himself of these measures, has made 
the requisite computations, ai^ has found that the coin- 
cidence of theory with observation is perfect for ten 
substances whose refrangibtlity had been previously de- 
termined by the direct measurements of M. Fraunhofer, 
and for ten others whose refrangibifity has more recently 
been ascertained by M. Kudberg. Thus, in the case of 
seven rays in each of twenty different substances solid 
and fluid, the dispersion of light takes place according to 
the laws of the undulatory theory ; aaad as there can 
hardly be a doubt that dispersion in all other bodies will 
be found to follow the same law, the undulatory theory 
of iigfat may now be regarded as completely established. 
It is however an express condition of the connection be* 
tween the velocity of light and the length of its undula- 
tions, that the intervals between the vibrating molecules 
of the etfaoreal fluid should bear a sensible relation to 
the length of an undulation. The coincidence of the 
computed with the observed refractions shows that this 
com&ion is fulfiUed within tlie refracting media $ hut 
tbe aberration of the fixed stars leads to the inference 
tiiat it does not hold in the ethereal regions, where the 
velocities of the rays of all colors are the same. 


Section XXIV. 


Chemical or Photographic Rajs of the Solar Spectrum— Messrs. Scheele, 
Ritter, and Wollastoii's Disoovexiea — ^Mr. Wedgewood and Sir StunjAirf 
Davy's Photographic Pictures — The Caktype— The Daffoerreot^ri^— 
The Chromatvpe — ^The C^ranotype — Sir John Berschel's Discorenes in 
the PhologMpiiic or Chemical Spectrum — Mons. E. BeoquerePs Discoverr 
of Inactire Lines in the Chemical Spectrum. 

The solar spectrum has assumed a totally new qhar- 
iieter from recent analysis, especially the chemical por* 
tion, which exercises an energetic action on matter, pro- 
ducing the most wonderful and mysterious dianges on 
the orgamzed and unorganized creatdfm. 

All bodies are probably affected by light, but it acts 
with greatest energy on such as are of weak chemicai 
affinity, imparting properties to them which they did 
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not possess before. Metallic salts, especial^ tliose of 
silver, whose molecules are held together by an unstable 
equilibriam, are of all bodies the most susceptible of its 
influence ; the effects however vary with the substances 
employed and with the different rays of the sdar spec- 
trum, the chemical properties of which are by no means 
alike. As early as 1772 M. Scheeie showed that the 
pure white color of chloride of silver was rapidly dark- 
ened by the blue rays of the solar spectrum, while the 
red rays had no effect upon it; and in 1801 M. Ritter 
discovered that invisible rays beyond the violet extremity 
have the property of blackening argentine salts, that 
this property diminishes toward the less refrangible pari 
of the spectrum, and that the red rays hare an opposite 
quality, that of restoring the blackened salt of silver to 
its original purity, from which he infenred that the roost 
refrangible extremity of the spectrum has an oxygen* 
izing power, and the other that of deoxygenating. Dr. 
Wollaston found that gum guaiacum acquires a green 
color in the violet and blue rays, and resumes its original 
tint in the red. No attempt had been made to trace 
natural objects by means of light reflected from them 
till Mr. Wedgewood^ together with Sir Humphry Davy, 
took up the subject: they produced profiles and tracings 
of objects on surfaces prepared with nitrate and chloride 
of silver, but they did not succeed in rendering their 
pictures permanent. This difficulty was overcome in 
1814 by M. Niepc6, who produced a permanent picture 
of surrounding objects, by placing in the focus of a 
camera obscura, a metallic plate covered with a film of 
asphalt dissolved in oil of lavender. 

Mr. Fox Talbot, without any knowledge of M. Ntepc6's 
experiments, had been engaged in the same pursuit, 
and must be regarded as an independent inventor of 
photography, one of the most beautiful arts of modern 
times : he was the first who succeeded in using paper 
chemically prepared for receiving impressions from nal>- 
ural objects ; and he also discovered a method of fixing 
permanently the impressions — ^that is, of rendering the 
paper insensible to any further action of light. In the 
calotype, one of Mr. Talbot's most recent applications 
of the art, this photographic irarface is t r^nared by wash- 


log smootfa writang-paper, first ivilii a sohitioaof nitnita 
of silver, daen witJi bromidd of potasshim, and again witb- 
mtrate of silver, drjrivg it at a fire after each washing ; 
the paper is thus rendered so sensitive to light that even 
die passage of a thin cloud is perceptiUe on it, conse- 
quently it must be prepared by candle-light. Portraits, 
buildings, insects, leaves of plants, in short every object 
is accurately delineated in a few seconds, a&d in the 
focus of a camera obscura the most minute objects aro 
so exactly de]»cted tiiat ihe microscope reveals new 
beauties. 

Since the effect of the chemical agency of light is to 
destroy the affinity between the. salt and the silver, Mr. 
Talbot. found tfiat in order to render these impresinons 
permanent on paper, it was only, necessary to wash it 
with salt and water, or with a solution of iodide of po- 
tassium. For these liquids the liquid hyposulphites 
have been advantageously substituted, which are the 
moat efficacious in dksolving and removing the unchanged 
salt, leaving llie reduced silver on the paper^ The cal- 
otype picture is negative, that is, the li^ts and shadows 
are the reverse of what they, are in nature, and the 
tight-hand side in nature is the left in the {Mcture ; but 
if it be placed with its &ce pressed against photographic 
paper, between a board and a i^te of glass, and exposed 
to the sun a short time, a positive and direct picture as 
it is in nature is formed ; en^avings may be exactly 
copied by this simple process, and a direct picture may 
be produced at once by using photographic paper abeady 
made brown by. exposure to light. 

While Mr. Fox Talbot was engaged in these very 
elegant discoveries in England, M. Daguerre had brou^ 
to perfection and made public that admirable process l^ 
wluch he has compelled Nature peimanently to en- 
grave her own works ; and thus the talents of France 
and Eng^nd have been combined in bringing, tb perfec- 
tion this useful art. Copper, plated with silver, is suc- 
cessfully em{4oyed by M. Baguerre for copying nature 
by the agency of light. The surface of the plate is 
converted into an iodide of silver, by placing it horizon* 
tally with its face downward in a covered box, in the 
bottom of which there is a smi^ quantity of iodine 
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Wkieb evmponites ■pontaBeousfy. Id tfarae or four 
numites the surfaoe Boqnures a yellow tmt, and then, 
screening i£ carefully from light, it must be placed io 
the ^9€ns of a camera obscura,^ where an invisible image 
oi ezfeeraal objecte will be impressed on it in a few 
nmmtea. When taken out the plate must be exposed 
in auMther box to the action of mercurial vapor, which 
altoches ibsetf to those parts of the plate which had 
beesQ exposed to light, but does not adhere to such parts 
as-had been in shadow ; and as the quantity of mercury 
over the other parts is in exact proportion to the de- 
gree of iOuminatioD, the shading of the picture is per- 
fect. The image is fixed, first by removing t^e iodine 
from the plate, by pfamgtng it into hyposulphite of soda, 
and then washing it in distilled water ; by this pxocess 
the yellnw color is destroyed, and in older to render 
to mercury permanent, the plate must be exposed a 
few Bunutes to nitric vapor, tdben placed in nitric acid 
containing copper or silver in solutaon at a temperature 
of 61}° of Fahrenheit for a short time, and lastly 
poliriied with chalk. This final part of the process is 
due to Dr. Berre, of Vienna. 

Nothing can be more beautiful than the shading of 
t&eae chiar-oacuro pictures when objects are at rest, 
but the least motion destroys the effect; the method 
ttorefora is more applicable tniraildings than landscape. 
Color alone is wanting; but the reeei^ches of Sir John 
Uerscfael give reason to beMeve that even this will nlti* 
matel^ be attained. 

The most perfect impressions of seaweeds, leaves ai 
plants, feathers, &c., may be formed by bringing the 
ofc^eet^ into close contact with a sheet of phoU^^jdiie 
paper, between a boaid and plate of glass ; tl^n ex* 
posing the whole to the sun for a shcnt time, and afi^r- 
ward iouBg it by the process described. The odors of 
the pictures vary with the preparation of the paper, by 
which almost any tint may be* produced. 
. In the dtnromatype, a peculiar photc^raph discoverea 
by Mr. Hunt, duraMooate of copper is used, on which a 
dark brown nepitive image is first formed, but by the 
contiiiued action of light ,it is changed to a positive 
veliow pictim^o* a white groumd; the farther eifect 
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of ]^t is checked by washing the picture in pmm 
water. 

Iq cyanotypes, a class of photo^mphs disooveved hf 
Sir John Hersehel, in which cyanogen in its eombiaa- 
tioQS With iron fonas the ground, the pk^nres axe 
Prussian blue and white* In the chrysotype of tba 
same eminent philosopher, the image is first receifad 
on paper prepared with the ammonim-citnriie of inm^ 
and afterward washed with a neutral solntian of goUL 
It is fixed by water acidulated with snlphnrin acid, and 
lastly by hydriodate of potastf, from wl^h a white and 
purple phoingraph results. It is Tain to aittfl mpt to de*- 
scribe the various beautiful efibcts wfaidbi Sir John 
Hersehel obtained from chemical compounds, and finm 
the juices of plants : the juice of the red popf^ gires a 
positive bhiish purple image, that of the ten-week ste«^ 
a fine rose color on a pale straw-colored ground. 

Pictures may be made by exposure to snnsfaiBB, on 
all compound substances having a weak chemical affinity^ 
but the image is often invisiUe, as m the Daguerrsotyptt^ 
till brou^t out by washing in some chemical pnepani>^ 
tion. Water is nrequently snfildent ; indeed Sir Joha 
Hersehel brought out donnant {^Kitographs by hresthtsg 
on them, and some substances are insensible to tte ao*- 
tion of light till moistened, as fbr example |^im guai»- 
eum. Argentine papers, however, are ttdle subject te 
the influence of moisture. The povrer of the solar leyt 
is augmented in certain caAes by p^ing a plate of ^ass 
in close contact over the sensitive surfwe. 

Chemical action always accompanies the sun's M^it, 
but the analysis of the solar spectrum has par^ dis- 
closed the Wonderful nature of the emaiiatbn« in the 
research, properties most important and nnexpeeteel 
have been discovered by Sir John Hersehel, viho im- 
prints the stamp of genius on all he toac^es^-his dk>- 
quent papers can alone convey an adequate idea of their 
value in opening a field of inquiry vast and unti'odden. 
The following brief and impenect account of hk exper- 
iments is all that can be attempted here v-^ 

A certain degree of chemical energy is ^strSmted 
through every part of the solar spectrum, and idso to a 
considerable extent through the dark spaces at each e»- 

r8 
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tremity. This distribiition does not depend on the re- 
frangibility of the rays ak>ne, but ako on the nature at 
the rays themselres, and on the physical properties of 
the ana^ing medium on which liie rays are received^ 
whose changes indicate and measure their action. The 
fength of the photographic image of the same solar spec- 
trum varies with the physical qualities of the sur&ce on 
which it is impressed. When the solar spectrum is 
received on paper prepared with bromide of silver, the 
chemical spectrum, as indicated merely by the length ot 
the ilarkened part, includes within its limits the ii^iole 
luminous spectrum, extending in one direction far be* 
yond the extreme violet and lavender rays, and in the 
other down to the extremest red : with tartrate of sfl- 
ver the darkening occupies not only aU the space under 
the most refrangible rays, but reaches much beyond the 
extreme red. On piqier prepared with formobensoate 
a£ silver the chemical spectrum is cut off at the orange 
rays, with phosphate of silver in the yellow, and with 
cldoride of gold it terminates with the green, with car- 
bonate of mercury it ends tu the Uue, and on paper 
prepared with the percyanide of g^, ammonia, and 
nitrate of silver, the d^kening lies entirely bejrond the 
visible spectrum at its most refrangible extremity, and 
is only half its length, whereas in some cases -chenncal 
action oceufnes a space more dian twice the length ci 
the luminous image. 

The point of maximum energy oi chemical action 
varies as much for different preparatioBs as the scale oi 
action. In the greater number of cases the point ot 
deepest blackening lies about the lower edge of the in- 
digo rays, though in no two cases is it exactly the same, 
and in many substances it is widely different. On paper 
prepared vnth the juice of the ten-week stock (Mathiola 
annua), there are two maxima, one in the mean yellow 
and a weaker in the violet ; and on a preparation of tar- 
trate of silver. Sir John Herschel found three^ one in 
the least refrangible blue, one in the indigo, and a third 
beyond the visible violet. The decrease in photographic 
energy is seldom perfectly alike on both sides of the 
maximum. Thus at the most refrimgible end of the 
solar spectrum the greatest chemical power is exerted 
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in ttioBt instances where there is least light and heat, 
and even in the space where both sensibly cease. 

Not only the intensity bnt the kind of action is differ- 
eot in the different points of the solar spectrum, as 
evidently appears from the various colors that are fre- 
quently impressed on the same analyzing surface, each 
ray having a tendency to impart its own color. Sir John 
Herschel obtained a colored image of the solar spectrum 
on paper prepared according to Mr. Talbot's principle, 
from a sunbeam refracted by a glass prism and then 
highly condensed by a lens. The photographic image 
was rapidly formed and very hitense, and when with- 
drawn from the spectrum and viewed in common day- 
light it was found to be colored with sombre but une- 
quivocal tints imitating the prismatic colors, which varied 
gradually from red through green and blue to a purplish 
black. After washing the surface in water, the tints 
became more decided by being kept a few days in the 
dark — a phenomenon, Sir John, observes, of constant 
occurrence, whatever be the preparation of the paper, 
provided colors are produced at all. He also obtained a 
colored image on nitrate of silver, the part under the 
blue rays becoming a blue brown, while that Under the 
violet had a pinkish shade, and sometimes green ap- 
peared at the point corresponding to the least refrangible 
blue. Mr. Hunt found oh a paper prepared with fluoride 
of silver that a yeHow line was impressed on the space 
occupied by the yellow rays, a g^en band on the space 
under the green rays, an intense blue throughout the 
space on which the blue and indigo rays feU, and under 
the violet rays a ruddy brown appeared ; these colors 
remained clear and distinct after being kept two months. 

Notwithstanding the great variety in the scale of 
action of the solar spectrum, the darkening or deoxy- 
dizing principle that prevails in the more refrangible 
part rarely surpasses or even attains the mean yellow 
ray which is the point of maximum illumination ; it is 
generally cut off abruptly at that point which seems to 
form a limit between the opposing powers which prevail 
at the two ends of the spectrum. The bleaching or ox- 
ydizing effect of the red rays on blackened muriate of 
silver discovered by M. Ritter of Jena, and the restora* 


tmi by the some nys of discolored gam gitawcum to id 
origiiial tint by Dr. WcUaston, faa¥e already been iiieii< 
tioned as givuig the first iDdicatknia of that differ^ce in 
the modejof aotioii of the chemical rays at the two ends 
of the visible speotrom, now placed beyond a doubt. 

The action exerted by the less refrangible niy» be- 
yond and at the red extremity -of the solar spectrom, in 
xnofit instances* so far liY>m blackening metallic salts, 
protects them from the action of the di^jiited daylight ; 
but if the prepared surface has already been blackened 
by exposure to the sun, they possess the remaricahle 
property of bleaching ifr in some oases, and under other 
circumstances of changing the black aurface into a Gaty 
red. 

Sir John Hersch^, to whom we owe most of our 
knowledge of the properties of the chemical spectrum, 
prepared a sheet of pap^r by waging it with muriate 
of ammonia, and then with two coats of nitrate of silver; 
on this surface he obtained an impression of the solar 
spectrum exhibiting a range of colors very nearly cor- 
responding with its natural hues. But a very remarka- 
ble phenomenon occurred at the end of least refraagi- 
brlity; the red rays exerted a protecting influence 
which preserved the paper £rom the change whidr it 
would otherwise hasre undergone from the deoxydioing 
influence of the dispersed light which always surrounds 
the solar spectrum, and this maintained its whiteness. 
Sir John met with another instance on paper prepared 
with bromide of silver, on which the whole of the space 
occupied by the visible spectrum was darkened down to 
the very extremity of the red rays, but an cxydizing 
action commenced beyond the extreme red, which main- 
tained the whiteness of the pi^ier to a considerable dis- 
tance beyond the last traceable Umit of the visible rays, 
thus evincing decidedly the existence of some chemical 
power over a considerable space beyond the least re- 
frangible end of the spectrum. Mr. Hunt also found 
that' on the Daguerreotype plate a powerful protecting 
influence is exercised by the extreme red rays. In 
these oases the red and those dark rays beyond them 
exert an action of an opposite nature to that of the violet 
and lavender rays. 
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The lea^t refinogil^e part of Ihe solar spec^um pos- 
sesses also, under certain circumstaDces^ a bleaching 
property, by which the metallic salts are restored to 
their original whiteness after being blackened by ^- 
posure to cominon daylight, or to the most refranpble 
rays of the solar spectrum. 

Paper prepared with iodide of sihrer, when washed 
over with ferrocyanite of potash, blackens rapidly when 
exposed to the solar spectrum. It begina in the Tiolet 
rays and extends over all the space occupied by the dark 
chemical rays, and over the whole visible speetrum 
down to the extreme red rays. This inoage is colored, 
the red rays giving a reddiah tint and the blue a bluish. 
In a short time a Ueadung process begins under the red 
rays, and extends upward to th^ green, but the space 
occupied by the extreme red is maintained perfectly daik. 
Mr. Hunt found that a similar bleaclung power is «iMrtad 
by the red rays on paper prepared with protocyanide of 
potassium and gold with a wash of nitrate of silver. 

The application of a moderately stnmg hydriodate of 
potash to darkened photographic paper renders it pecu- 
liarly, susceptible of heing YiHbitened by farther exposure 
to li^t. If paper prepared with hromide of siker be 
washed with ferrocyanate of potash whiie under the 
influence of the solar spectrum, it is immediately dark- 
ened throughouit the part exposed to liie visible rays 
down to the end of the red, some sbght interference 
being pereeptiUe about the region of the orange and 
yellow. After this a bleaching action begins over the * 
part occupied by tho red rays, which extends to the 
green. By longer exposure an oval spot begins again to 
darken about the center of the Ueaqhed qrnce ; but if 
the paper receive another wash 4^ the hydriodate of 
pota^ the bleaching action extends up from the green, 
oyer the region occupied by the most refrangible rays 
and considerably beyond them, thus inducing a negative 
action in the most re£ran^ble part of the spectrum. 

In certain circumstances the red rays, instead of re- 
iitoring darkened photographic pi^er to its original 
whiteness, produce a deep red color. When Sir John 
Herschel received the speetrum on paper somewtnt 
discolored by exposure to direct sua^iae, instead of 
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whiteness, a red border was formed extending from die 
space occupied by tbe orange, and nearly covering that 
on which die red fell. When, instead of exposing die 
paper in the first instance to direct sunshine, it was 
blackened by the violet rays of a prismatic spectrum, or 
by a sunbeam that had undergone the absorptive action 
ti a solution of ammonia-sulphate of copper, the red 
rays of the condensed spectrum produced on it, not 
whiteness, but a full and fiery red which occupied the 
whole space on which any of the visible red rays had 
fallen, apd this red remained unchanged, however long 
die paper remained exposed to the least refrangible rays. 

Sunlight transmitted through red glass produces the 
same effect as die red rays of die spectrum in the fore- 
going experiment. Sir John Herschel placed an en- 
graving over a paper blackened by exposure to sunshine, 
covering the whole with a dark red-brown glass previ- 
ously ascertained to absorb every ray beyond the orange : 
in this way a photographic copy was obtained in which 
the shades were Mack, as in die original engraving, but 
the lights, instead of being white, were of the red color 
of venous blood, and no odier color could be obtained by 
exposure to light, however king. Sir John ascertained 
that every part of the spectrum impressed by the more 
refrangible rays is equally reddened^ or nearly so, by die 
subsequent action ci the less refrangible ; dius the red 
rays have the veiy remarkable properlrr of assimilating 
to their own color die blackness already impressed on 
photograt^ic paper. 

That there is a deoxydating property in die more re 
frangible rays^ and an oxydating action in the less re* 
frangible part of die spectrum, is manifest from die 
blackening of one and the bleaching effect of die other; 
but die peculiar action of the red rays in die experi- 
ments mentioned, shows that some other principle exists 
different from contrariety of action. These opposite 
qualities are balanced or neutralissed in the region of the 
mean yellow ray. But although this is the general 
character of the photographic spectrum, imder certain 
circumstances even the red rays have a deoxydatin|( 
power, while the blue and scarlet exert a contrary inflii 
eoce ; but diese are rare exceptions. 
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The phbtographic aotioa of tlie two portions of the 
sokr spectrum beiDg so different, Sir John Herschel 
tried the effect of their united action by superposing the 
(ess refrangible- part of the spectrum over the more re- 
frangible portion by means of two prisms, and he thus 
discovered that two rays of difierent refrangibility, and 
therefore of diflbrent lengths of undulation, acting simul- 
taneously, produce an effect which neither acting sepa- 
rately can do. 

. Some circumstances that occurred during the analysis 

of ihe chemical spectrum seem to indicate an absorptive 

action in the sun*s atmosphere. The spectral image 

impressed on paper prepared with nitrate of silver and 

RocbeSe salt, commenced at or very little below the 

mean yellow ray, of a delicate lead color, and when the 

action was arrested such was the character of the whole 

photbgra{^ic spectrum. But when the light of the 

solar spectrum was allowed to continue its action, there 

was observed to come on suddenly a new and much 

more intend im{n*ession of darkness, confined in length 

to the blue and violet rays ; and what is most remarka^ 

ble, confined also in breadth to the middle of the sim's 

''image, so iteir at least as to leave a border of the lead- 

ootored spectrum traceable, not only round the clear 

and well-defined convexity of the dark interior spectrum 

at the least refrangible end, but also laterally along both 

its edges : and this border ^was the more easily traced 

and less liable to be mistaken from its striking contrast 

of color with the interior spectrum, the former being 

lead gray, the latter an extremely rich deep velvety 

brown. The less refrangible end of this interior brown 

spectrum presented a sharply terminated and regularly 

elliptical contour, the more refrangible a less <&cided 

one. *« It may seem too hazardous,** Sir John continues, 

'* to look for die cause of this very singular phenomenon 

in a real difference between the chemical agencies of 

those rays which issue from the central portion df the 

sun's disc, and those which, emanating from its borders, 

have undergone the absorptive action of a much greater 

depth of its atmosphere ; and yet I confess myself some* 

what at a loss what other cause to assign for it. It 

most suffice, however, to have thrown out the hint, re- 
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markmg only, that I have other^ and I am diapoaed to 
think decisive, evideaca of the existence of an dbaorptiTa 
solar atmosphwe extending beyond the lumiaooa one." 
Several circumstances concur in showing that there are 
influences also concerned in the transmission of the pho* 
tographic action which have not yet been explained, aa 
for example the influence which tiiie lime of the daj 
exercises on the rapidity with which photographic im* 
pressions are made, the sun being much Imb effective 
two hours after passing the meridian than two hoar^ 
before. There is also reason to suspect that the effsot 
in some way depends on the latiUide, since a much 
longer time is required to obtain an image under the 
bright- sides of the tropics than in Engluid, and it ja 
even probable that there is a difference in the aun*a 
light in high and low latitudea, because an imaga of the 
solar spectrum obtained on a Daguen'eotype fdafee m 
Virginia by Dr. Draper, differed from a spectral image 
obtained by iVIr. Hunt on a similar plate in flnglaii^ 
The inactive spaces discovered in the i^tographie apee« 
trum by M. E. Becquerel similar to those in the huni- 
nous spectrum, and coinciding with them, is also a phe* 
nomenoa of which no explaiuition has yet been giveik 
Although chemical action extends over &e whole loiBio 
nous spectrum and much beyond it in mdatkma of 
more or less intensity, it is found by careSil inveslig^^ 
tion to be by no means continuous ; numerous inaetiv* 
lines cross it coincidmg with those in the luminons image 
as far as it extends : Asides, a very great number exiat 
in the portions that are obscure, and which overlap the 
visible part. There are three extra-spectral lines be* 
yond the red, and some strongly markcKi groups on the 
obscure part beyond the violet ; but the wh<^ number 
of those inactive lines, especially in the dark spaces, is 
so great that it is impossible to count them. 

Notwithstanding this coincidence in the inactive linea 
of the two spectra, photographic energy is independmit 
of both light and heat, since it exerts the most powerful 
influence in those rays where they are least, and alse 
in spaces where neither sensibly exist ; but tlie trans- 
mission of the sun's light tiuough colored media makea 
that independence quite evident. Heat and li^t paaa 
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abundBtitly through yellow glass, or a solution of chro- 
mate of potash ; but the greater part of the chemical 
rays are excluded, and chlorine gas diluted with common 
itir, though highly pervious to the luminous and calorific 
principles, has the same effect. Sir John Herschel 
found that a slight degree of yellow London fog had a 
aimilar effect with that of pale yellow media : he also 
remarked that a weak solution of azolitmine in potash^ 
which admits a great quantity of green light, excludes 
thenucal action ; and some years ago, the author, while 
uakinff experiments on the tstinsmissioD of chemical 
ays, cmsenred that green glass, colored by oxyde of ^op^ 
fser, about the 20lh of an inok thick, excludes the pho- 
jagraphic rays, and as M. Melloni has shown that sub- 
jtance to be impervious to the most refrangiMe catorific- 
Ays, it haff the property of excluding the whole of the 
most refrangible part of the solar speetrtim, visible and 
iilTisible. Green mica, if not too thin, has afeso the same 
eflbct, whereas amethyst, deep Utie and violet^colored 
passes, though they transmit a very little lights allow 
3ie chemical rays to pass freehr. Thus light and ]^o- 
tograi^c energy may be regarded as distinct and inde^ 
pendent pcopeities of the solar beam. 

It is not known whether photographic enei^ be aD- 
sorbed by ihaterial substances or not, iwither is it known 
whether it be concerned in crystalization, and in pro- 
ducing those changes in the internal structure of oryBtals 
when exposed to the sun, already mentioned ; but tiie 
power is universal wherever the solar beam &lls, though 
the eflect only becomes evident in cases of unstahle mo- 
lecular equilibrium. The compoMtion and decomposi- 
tion of those solidis, fiquids, and aeriform fluids hitherto 
attribnted to light, are chiefly owmg to this energy ; and 
as similar chemical dtanges may be produced by cur- 
rents of electricity, an occult connection between these 
two imponderable ii^flneDoes is shadowed out* 
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Section XXV. 

HfBttt — Calorific lUjrs of the' Solar Spectrum — ^Experimenta of MM. Da 
Laroche and MeUoai on tlw Tranamisaion of Heat — The Point of rreateat 
Heat in the S<dar Speetmm fuiea with the Subataace of the PriaiB~ 
Polarization ^ Heat—Circular Polarization of Heat — Transmission of the 
Chemical Rays — Absorption of Heat— Radiation of Heat — Dew — Hoar 
Frost'— Rain-— Hail — Combustion — Dilatation of Bodies^by Heat— Prop»- 
gafcifla of Heat— Latent Heat— Heat presumed to consist of the Undula* 
tions of an Elastic Medium — Parathermic Rays— Noser's Discoveries. 

It U not by vision aloae that a knowledge of the 8an'« 
rays is aoquiredt — tooch proTos that Siey have the 
power of raising the temperature of substances exposed 
to their action. Sir William Herschel discovered that 
rays. of caloric which produce the sensation of heat, exist 
in the s<dar spectrum independently of those of light ; 
when he used a prism of flint-glass, he found the. warm 
rays most abundant in the dark space a little beyond the 
red extremity of liie spectrum — that from thence they 
decrease toward the violet, beyond which they are in^ 
sensible. It may therefore be concluded, that the ca- 
lorific rays vary in refrangibility, and that those beyond 
the extreme red are less refraufible than any rays of 
light* Since Sir William Hers^ePs time it has been 
discovered t^at the cabrific spectrum exceeds the lumi- 
nous one in lengtii in the ratio of 42 to 25, but the most 
singular phenomenon of the calorific spectrum is its 
want of continuity. Sir John Hersdiel blackened the 
under side of a sheet of veiy. thin white paper by the 
smoke of a lamp, and having exposed the white side to 
the solar spectrum, he drew a brush dipped in spirit of 
wme over it, by which the paper assumed a black hue 
when sufficiently saturated. The heat in the spectrum 
evaporated the spirit first on those parts of the paper 
where it fell witih greatest intensity, thereby restoring 
their white cotor, and thus he discovered that the ca- 
loric is not distributed uniformly, but in spots of greater 
or less intensity — a circumstance probably owing to the 
absorbing action of the atmospheres of the sun and 
earth. ** The effect of the former," says Sir John, '* is 
beyond our control, unless we could carry our experi- 
ments to such a point of delk»cy as to operate separately 
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on rays emanatinff from fihe center and borders of the 
sun's disc; that of the earth's, though it cannot be elim- 
mated any more than in the case of the sun's, may yet 
be varied to a considerable extent by experiments made 
at great elevations and under a vertical sun, and com- 
pared with others where the sun is more oblique, the 
situation lower, and the atmospheric pressure of a tem- 
porarily high amount. Should it be found that this 
cause is in reatity concerned in the production of the 
spots, we should see reason to believe that a large por- 
tion of solar heat never reaches the earth's surface, and 
that what is incident on the summits of lofty mountains 
differs not only in quantity, but also in quality, from 
what the plains receive." 

Thus the solar spectrum is proved to consist of five 
supeqposed spectra, only three of which are visible — 
the red, yellow, and blue; eac^ of the five varies in 
refrangibility and intensity throughout the whole ex- 
tent, the visible part being oveiiapped at one extremity 
by the chemical, and at the other by the calorific rays ; 
but the two latter exceed the visible part so much, that 
the Unear dimensions of the three, the luminous, calo- 
rific, and photographic are in the propcnrtion of the 
numbers 25, 42, 10, and 55*10, so that the whole solar 
spectrum is more than twice as long as its visible part. 

That the heat-producing rays exist independently of 
fight, is a matter of constant experience in die abundant 
emission of them from boiling water. Yet there is 
every reason to believe that both the cal<»rific and 
chemical rays are modifications of the same agent 
which produces the sensation of light. Kays of heat 
dart in diverging straight lines from, flame, and from 
each point in the surfaces of hot bodies, in the same 
manner as diverging rays of light proceed from every 
point of the sur&ces of such as are luminous. Accord- 
ing to the experiments of Sir John Leslie, radiation 
proceeds not only from the surfaces of substances, but 
also from the particles at a minute depth below it. He 
found that the emission is most abundant in a direction 
perpendicular to the radiating sur&ce, and that it is 
more rapid from a rough than fron: a polished surface 
radiation, however, can only take place in air and in 
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vmtBo; it Is altogether impen^ptible when the hot 
body is inclosed in a solid or liqaid. Hemted substanceSf 
when exposed to the open air, eontiniie to radiate 
calorie till they become nearly oif the temperature of 
the sarronnding mediam. The radiation is Tory rapid 
at first, but diminishes acoordiag to a known law with 
the temperature of die heated body. It appears, akOf 
that the radiating power of a surface is inversely as its 
reflecting power ; and bodies that are most impermoft- 
ble to heat radiate least. 

Rays of heat, whether tbey proceed from the son, 
from flame, or other terrestrial sources, luminous or 
non-luminous, are instantaneously transmitted through 
solid and liquid substances, there being no appreciable 
difference in the time they take to pass through layers 
of any nature or thickness whatever. They pass also 
with the same facility whether the media be agitated 
or at rest; and in these respects the analogy between 
li|^t and heat is perfect. Radiant heat passes through 
the gases witii the same facility as light ; but a remark- 
able difference obtains in the transmission of light and 
heat through most soUd and liqtud substances, tbo same 
body being often perfectly permeable to the luminous 
and altogether impermeable to the calorific rays. For 
example, thin and perfectly transparent plates of almn 
and citric acid sensibly transmit all the rays of light 
irom an argiand lamp, but stop eight or nine tenths of 
the concomitant heat; while a targe jnece of brown 
roek crystal gives tr free passage to the radiant heat, 
but intnvepts almost all the light. M. MeUoni has 
established the general law in uncrystalized substances 
such as glass and fiquids, that the property of instanta- 
neously transmitting heat is in proportion to their re- 
fractive powers. The law, faoweTer, is entirely at fault 
in bodies of a crystaline texture. Carbonate of lead, 
for instance, which is colorless, and possesses a veiy 
high refractive power with regurd to light, transmitB 
less radiant heat than Iceland spar or rock-crystal, 
which are very inferior to it in the order of refran- 
gibiUty ; while rock-salt, which has the same transpa- 
rency and refraetiTe power with alum and citric acid, 
transmits six or eight times as much eabric. This 
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resnarkaUe cHfierence m the transoiissbe power of sub- 
aCaoces having the same appearance, is attributed by M. 
Melioni to their crystaliae form, and not to the chemical 
eomposition of their molecules, as tfa» following experi- 
mMits prove. A block of common sak cut into plates, ^ 
entirely- excludes calorific radiation ; yet when dissolved 
in water, it increases the transmissive power of that 
liqaid : moreover, the transmissive power of water is 
increased in nearly the same degree, whether salt or 
alum be dissolved in it; yet &e8e two substances 
transmit very different quantities of heat in their solid 
state. Notwithstanding the influence of crystalizafeion 
on the transmissive power of bodies, no relation has 
been traced between that power and the crystaline form. 
The transmission of radiant heat is analogous t» thut 
of light through colored media. When oonraion white 
hffaXi consisting of blue, yellow, and red rays, passes 
t£»ugh a red liquid, almost all the blue and yellow rays, 
and a few of the red, are intercepted by the first layer 
of the fluid; fewer are- intercepted by the second, still 
less by the third, and so on : till at last the losses became 
very small and invariable, and t^oae^ rays alone are 
transmitted which give the red color to the liquid. In 
a similar manner, when plates of the same thickness of 
any substance, such as glass, are exposed to an argand 
lamp, a considerable portion of the radiant heat is ar- 
rested by the first plate, a less portion by the second, 
still less by the third, and so on, the quantity of lost 
heat decreasing till at last the loss becomes a constant; 
quantify. The transmission of radiant heat through a 
solid mass follows the same law. The losses are very 
considerable on first entering it, but they rapidly dimin'< 
ish in proporti<m as the heat penetrates deeper, and 
become constant at a certain depth. Indeed, the only 
difference between the transmission of radiant heat 
dirough a solid mass, or through liie same mass whetf 
out into plates of equal thickness, arises from the small 
quantity of heat that is reflected at the surface, of the 
plates. It is evident, therefore, that the heat grad- 
ually lost is not intercepted at the siud^e, fant absorbed 
in die interior of the substance, and that heat which 
has passed through one stratum of air experiences a lest 
14 82 
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absorption in each of the succeeding strata, and may 
therefore be propagated to a greater distance before it 
is extingaished. The experiments of M. de Laroche 
show, that glass, however thin, totally intercepts the 
obscure rays of caloric when they flow from a body 
whose temperature is lower than that of boilmg water; 
that as the temperature increases, the calorific rays are 
transmitted more and more abundantly ; and when the 
body becomes highly luminous, that they penetrate the 
glass with perfect ease. The extreme brUfiancy of the 
sun is probablf the reason why his heat, when brought to 
a focus by a lens, is more intense than any that has been 
produced artificiaUy. It is owing to the same cause- 
that glass screens, which entirely exclude the heat of a 
common fire, are permease by the solar caloric. . 

The results obtained by M. de Laroche have been 
confirmed by the recent experiments of M. Melkmi on 
caloric radiated from sources of different temperatures, 
whence it appears that the calorific rays pass less abun- 
dantly not only through glass, but through rock-crystal, 
Iceland-spar, and other diaphanous bodies, both solid 
and liquid, according as the temperature of their ori|pn 
is diminished, and Siat they are altogether intercepted 
when the temperature is about that of boiling water. 

In fact, he has proved that the heat emanating from 
the sun or from a bright fiame consists of rays which 
diffnr from each other as much as the red, yellow, and 
blue rays do which constitute white light. This ex- 
plains the reason of the loss of heat as it penetrates 
deeper and deeper into a solid mass, or in passing 
through a series of plates ; for, of the different kinds of 
rays which dart from a vivid fiame, aU are successivefy^ 
extinguished by the abs(»hing nature of the substsaifce 
through which they pass, till those homogeneous rays 
alone remain which have the greatest &cilily in passing 
through that particular stribstanoe ; exactly as in a red 
liquid the blue and yellow rays are extii^ished, and 
the red are transmitted. 

M. Melloni employed four sources of caloric, two of 
which were luminous and two obscure ; namely, an oil- 
lamp witiiout a glass, incandescent platina, copper 
heated to 696^, and a copper vessid filled with water at 
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the temperaknre of 178^^ of Fahrenheit Rock-salt 
transmitted heat in the pr^ortion of 9S rays out ol 
100 from each of these sources; but all c^er sub^ 
stances pervious, to radiant heat, whether solid or 
liquid, tranamitted more caloric from sources of hi^ 
temperature than from such as are low. For instance, 
limpid and colorless fluate of lime transmitted in the pro- 
portion of 78 rays out of 100 from the lamp, 69 from 
the platina, 42 from the copper, and 33 from the hot 
water; while transparent rock-crystal transmitted 38 
rays in 100 from die lamp, 28 from the platina, 6 
from the copper, and 9 from the hot water. Pure ice 
transmitted only in the proportion of 6 rays in ttoe 100 
from the lamp, and entirely excluded those fram the 
other three sources. Out of 39 different substances, 
34 were pervious to the calorific rays from hot water, 
14 excluded those from the hot copper, and 4 did not 
transmit those from the platina. 

Thus it appears that heat proceeding from these fbui 
sources is of different kinds : this difference in the na- 
ture of the calorific rays is also proved by another ex* 
periment, which will be more easily understood from 
the analogy of hght.^ Ked light emanating from red 
glass, will pass in abundance through another piece ot 
red glass,, but it will he absorbed by green glass : green 
rays will more readily pass through a green m^ium 
than through one of any otiier color. This holds with 
regard to aJl colors ; so in heat. Rays of caloric of the 
same intensity, which have passed through different 
substances, are transmitted in different quantities by the 
same piece of alum, and are sometimes stopped alto- 
gether ; showing that rays which emanate from different 
substances possess different qualities. It appears that 
a bright flame furnishes rays of heat of aU kmds, in the 
same manner as it gives light of all colors ; and as col 
ored media transmit some colored rays and absorb the 
rest, so bodies transmit some rays of caloric and ex- 
clude the others. Rock-salt alone resembles colorless 
transparent media in transmitting all kinds of caloric, 
even the heat of the hand, just as they transmit white 
light, consisting of rays of all colors. 

The properly of transmitting the calorific rays di« 
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mmidlie « a eertain degree with the ^ '^ekftats of Ifaa 
body the) hsro to traverse, hat loot vo mvHsh ad mi^> 
be expected. A piece of Tery transparect alum trasf- 
mitted threiD or four thnes lesa radtaoit heat from the 
flame of a lamp than a piece of nearly opaque 
about a hundred times as tiiick. However, the a 
ence of thickness upon the phenomena of transoiknian 
increases unth the decrease of temperature in thv 
origin of the rays, and becomes very great when that 
temperature is low. This is a circumstance intimately 
connected with the law established by M. de Laroche ; 
for M. Melloni observed that the <Mfierence between 
^e quantities of caloric transmitted by the same {date 
of glass, exposed successively to several sources of heat 
dixmnished with the thinness of the ptate, and vanished 
altogether at a certain limit; and tiiat a film of mici 
transmitted the same quantity of caloric, whether ^ 
was exposed to incandescent pktana or to a mass of irm 
heated to 3&P. 

Colored glasses transmit rays of light of certair 
degrees of refrangibllity, and absorb uiose of other 
degrees. For example, red glass absorbs the more 
re&angible rays, and transmits the red, which tare the 
least refrangiUe. On the contrary, violet glass absorbs 
the least refrangible, and transmits the violet, which 
are the most refrangible. Now M. MelloDi has found, 
that although the coloring matter of glsiis diminishes its 
power of transmitting heat, yet red, cmEiDge, yeUow, 
blue, violet, and white glass transmit calorific rays of ail 
degrees of refrangibifity. Whereas green glass possesses 
^the peculiar property of transmitting the least refrangi- 
ble calorific rays, and stopping those that are most re* 
frangible. It has therefore the same elective action 
for heat that colored glass has for light, and its action 
on heat is analogous to that of red glass on light. Alum 
and sulphate of lime are exactly opposed to green glass 
in their action on heat, by transmittiog the most re- 
frangible rays with the greatest facility. 

The heat which has already passed through green or 
opaque black glass will not pass through iSnm, while 
that which has been transmitted through glasses of 
other colors traverses it readi^^. 


i 
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substances to ccdoric that had already passad through 
alum, M. MeUoni found tihat the heal; emerging frooi 
alum is almost totally intercepted by opaque substances, 
and is abundantly transmitted by all such- as are trans 
parent aud colorless, and that it suffers no appreciabk 
loss when the thickness of the plate is varied within 
certain limits. The properties of the heat therefort 
which issues from alum, nearly approach to tJiose el 
light and solar heat. 

JRadiant heat in traversing various media is not on^ 
rendered more or less capable of being transmitted a 
second time, but, according to the experiments of Pro- 
fessor Powell, it becomes more or less susceptible of 
being absorbed in different quantities by black or white 
surfaces. 

M. Melloni has proved that solar heat eontaina myi 
which are affected by different substances in tJlie same 
way as if the heat proceeded from a tenrestiial source; 
whence he concludes that the difference observed be- 
tween the transmission of terrestrial and solar heat 
arises from the circumstances of solar heat oontaimng dl 
kinds of caloric, while in other sources soma of the kmdt 
are wanting. 

Badiant heat, from sources of any temperature what- 
ever, is subject to the same laws of reflection sad re- 
fraction as rays of light. The index of refraction from 
a prism of rock-salt determined experiuMntally, is nearly 
the same for light and heat. 

Liquids, the .various kinds of glass, and probably all 
substances, whether solid or hquid, that do not crystal- 
ize regularly, are more pervious to the calorific rays 
according as they possess a greater refractive power. 
For example, the chloride of sulphur, which has a hi|^ 
refractive power, transmits more of the calorific rays than 
the oils, which have a less refractive power : oils trans- 
mit more radiant heat than the acids ; the adds more 
than aqueous solutions ; and the latter more than pure 
water, which of all the series has the least refractive 
power, and is the least pervkMis to heat« M. Mellooi 
observed also, that each ray of the solar spectrum loUewa 
the same law of ajctien with that ef tfrrestnai nQW haiP- 
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ing their origin in sonrces of different temperatures ; bo 
that the very refrangible rays may be compared to the 
heat emanating from a focus of high temperature, and 
the least refrangiUd to the heat which comes from a 
source of bw temperature. Thus if the calorific rays 
emerging from a prism be made to pass through a layer 
of water contained between two plates of glass, it will 
be found that these rays suffer a loss in passing throu^ 
the liquid, as much greater as their refrang^bilHy is less. 
The rays of heat that are mixed with the blue or Tiolet 
light pass in great abundance, while those in the obscure 
part which follows the red light are almost totally inter- 
cepted. The first, therefore, act like the heat of a 
' lamp, and the last like that of twiting water. 

These circumstances explain the phenomena observed 
by several philosophers will regard to the point of 
greatest heat in the solar spectrum, which varies with 
3ie substance of die prism. Sir William Herschel, 
who employed a prism of flint glass, found that point to 
be a little beyond the red extremity of the spectrum : 
bat according to M. Seebeck, it is found to be upon the 
yellow, upon the orange, on the red, or at the dark 
timit of the red, according as the prism consists of 
water, sulphuric acid, crown or flint glass. If it be 
recollected that in the spectrum from crown glass, the 
maximum heat is in the red part, and that the solar 
rays, in traversing a mass of water, suffer losses inversely 
as their refrangibility, it will be easy to understand the 
reason of the phenomenon in question. The solar heat 
which comes to the anterior face of the prism of water 
consists of rays of all degrees of refrangibility. Now, 
the rays possessing the same index of refraction vritii 
the red light suffer a greater loss in passing through the 
prism than the rays possessing the refrangibility of the 
orange light, and the latter lose less in their passage than 
the heat of the yellow. Thus the losses, being inversely 
proportional to the degree of refirangibtlity of each ray, 
cause the point of maximum heat to tend from the red 
toward the violet, and therefore it rests upon the yellow 
part. The prism of sulphuric acid acting similarly, but 
with less energy than that of water, throws the point of 
greatest heat on the onmge ; for the same reason, the 
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crown and fliut glass prisms transfer that point respec* 
t^vely to tlie red and to its Hmit. M . Melloni, observing 
that the maximum point of heat is transferred farther 
and farther toward the red end of the spectrum, ac- 
cording as the substance of the prism is more and more 
permeable to heat, inferred^that a prism of rock-salt, 
which possesses a greater power of transmitting the 
calorific rays than any known body, ought to throw the 
point of greatest heat to a considerable distance beyond 
the visible part of the spectrum, — an anticipation which 
experiment fully confirmed, by placing it as much be- 
yond the dark limits of the . red rays as the red part is 
distant from the bluish green band of the spectrum. 

In. all these experiments, M. Melloni employed a 
thermo-muitiplier, — an instrument that measures the 
intensity of the transmitted heat with an accuracy far 
beyond what any thermometer ever attained. It is a 
very elegant application of M. Seebeck's discovery ot 
thermo-electricity; but the description of this instrument 
IS reserved for a future occasion, because the principle 
on which it is constructed has not yet been explained. 

In the beginning of the present century, not long after 
M. Malus had discovered the polarization of lig^t, he 
and M. Berard proved that the heat which accompanies 
the sun's light is capable of being polarized ; but their 
attempts totally failed with heat £rived from terrestrial, 
and especially from non-luminous sources. M. Berard, 
indeed, imagined that he had succeeded ; biit when his 
experiments were repeated by Mr. Lloyd and Professor 
Powell, no satisfactory result could be obtained. M- 
Melloni lately resumed the subject, and endeavored to 
effect the polarization of heat by tourmaline, as in the 
case of light. It was already shown that two slices of 
tourmaline cut parallel to the axis of the crystal, trans- 
mit a great portion of the incident light when looked 
through with their axes parallel, and almost entirely ex- 
clude it when they are perpendicular to one another. 
Should radiant heat be capable of polarization, the quan- 
tity transmitted by the slices of tourmaline in their for- 
mer position ought greatly to exceed that which passes 
through them in the latter, yet M. Melloni found that 
the quantity of heat was tlie same in both cases : wheoce 
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be infeiTod that heat from a terrestrial soiiree is inca- 
pable ef being polarized. Professor Foibes of £dia 
bnr^, who has recently prosecuted this subject with 
great acuteness and success, came to the same conchi-^ 
sion in the first instance ; but it occurred to him, that aft 
the pieces of tourmaline became heated bj being verj 
near the lamp, the secondary radiation from them ren- 
dered the very small difference in the heat that was 
tcansmitted in the two positions of the tourmalines im- 
perceptible. The same conclusion had been come i^ 
by M. MeMoni ; neverth^ess Mr. Forbes succeeded In 
proving by numerous observations, that heat from vsxii- 
ous sources was polarized by the tourmaline ; but that 
the effect with non-himinous heat was very minute and 
difficult to perceive, on account of the secondary radia- 
tion. Though light is almost entirely excluded in one 
position of the tourmalines, and transmitted in the other, 
a vast quantity of radiant heat passes throu^ them in 
all positions. Eighty-four per cent, of the heat from an 
argand lamp passed through the tourmalines in the case 
whero liffht was alcogether stopped. It is only the dif- 
ference m the quantity of transmitted heat that gives 
efvidence of its pokurization. The second slic^ of tour- 
maline, when perpendicular to the first, stops all the 
light, but transmits a great proportion of heat ; alum, on 
^e contrary, stops almost all the heat and transmits the 
fight ; whence it may be concluded that heat, though 
intimately partaking the nature of light, and accompany- 
ing it under certain circumstances, as in reflection and 
rofraction, is capable of almost complete separation from 
it under others. The separation has since been per- 
fectly effected by M. Melloni, by passing a beam of light 
through a combination of water and green glass, colored 
by the oxide of popper. Even when the transmitted 
light was concentrated by lenses, so as to render it almost 
as brilliant as the direct li^t of the sun, it showed no 
sensible heat. 

Professor Forbes next employed two bundles of hm- 
inas of mica, placed at the polarizing angle, and so cut 
that the plane of incidence of the heat corresponded 
with one of the optic axes of this mineral. The heat 
transmitted through this apparatus was polarized ^^en, 
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froto a soorce wbose tomperatnre was even wM low aft 
200^, heat was also potoiized bj reflectioii ; bat the ex- 
periments, thoa^ perfectiy snccessfbl, are nMnre diffi* 
cuk to condnct. 

It appears from the Tarieas experiments of M. Mel* 
loni and Professor Forbes, liiat att the calorific rays ema- 
nating fi:om the sun and terrestrial sources are equf^ 
capable of behig polarized 1^ reflection and by refrac- 
tion, whether doable or sinmle, and that they are also 
capable of circular poilarizfttion by aU the methods em- 
ployed in the circular pokrization of U^t. Platea of 
quartz cut at right an^s to the axis of uie prism, pos- 
sess the property of taming the caknific rays in any 
direction, wMle other plates of the same substance from 
a differently modified prism cause the rays to rotate hi 
the contrary direction ; and two plates cooibined, when 
of different affection, and of equid thickness, counteract 
each other's effects, as in the case of light. Tounaahne 
separates the caloric into two parts, one of winch it ab- 
aorbs, while it transmits the other ; in short, the trans- 
mission of radiant heat is precisely aimihur to that of light. 

Since heat is pdarized in the same manner as light. It 
may be expected that polarized heat transmitted thnu]^ 
doubly refracting substances should be separated into 
two pencils, polarized in planes nt right angles to each 
other; and that when receiired on an analyzing plate 
they should interfere and produce invisible phenomena, 
perfectly analogous to those described in Section XXII. 
with regard to light (N. 21Q). 

It was shown in the same section, that if li^it polar- 
ized by i*eflection from a pane of glass be riewed through 
a plate of tourmalme, with its longitudinal section vertio 
ci^ an obscora cloud, with its center wholly dark, is 
seen on the glass. When, however, a plate of mica 
unilbrBily abcmt the tiiirteenth of an toch in thickness 
is- interposed between the tourmaline and the glass, the 
dark spot vantidies, and a succession of very splendid 
colors is seen; and as the mica is turned round in a 
plane perpendicular to the polarized my, the light is 
stopped when the plane containing the optic axis of the 
mica is parallel or perpendicular to t^e plane of polar- 
ization. New instead of light, if heat from a noa-huni- 
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Doiu source be polarized in the maaner described, it 
ought to be transmitted and stopped by the interposed 
mica under the same circumstances under which polar- 
ized light would be transmitted or stopped. Professcnr 
Forbes has found that thb is really the case, whether he 
employed heat from luminous or non-luminbus sources : 
and he had evidence also of circular and elliptical polar* 
ization of heat. It therefore follows that if heat were 
visible, under sinular circumstances we should see fig- 
ures perfectly similar to those given in Note 207, awl 
those following; and as these figures are formed by the 
interference of undulations of light, it may be inferred 
that heat, Uke light, is propagated by undulations of the 
ethereal medium, which interfere under certain condi- 
tions, and produce figures analogous to those of lightv 
It appears also from Mr. Forbes's experiments, that the 
undulations of heat are probably longer than the undu- 
lations of light. 

Since the power of penetrating glass increases in pro- 
portion as the radiating caloric ap|»oaches the state of 
iig^t, it seemed to indicate that the same principle takes 
the form of light or heat according to the modification 
it receives, and that the hot rays are only invisible light; 
and light, luminous caloric. It was natural to infer, that 
in the gradual approach of invisible caloric to the condi^ 
tion and (nroperties of luminous caloric, the invisible 
rays must at first be analogous to the least calorific part 
of tiie spectrum, which is at the violet extremity — an 
analogy which appeared to be greater,, by all flame 
being at first violet or blue, and only becoming white 
when it has attained its greatest intensity. Thus, as 
diaphanous bodies transmit light with the same fiicility 
whether proceeding from the sun or from a g^wworm, 
and as no substance had hitherto been found which in- 
stantaneously transmits radiant caloric coming from a 
source of low temperature, it was concluded that no 
such substance exists, and the gr6at difference between 
the ti-ansmission of light and radiant heat was thus re« 
ferred to the nature of the agent of heat, and not to the 
action of matter upon the calorific rays. M. Melioni, 
however, has discovered in rock-salt a substance which 
transmits radiant heat with the same facility whether it 
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originates in the brightest flame or hikewarm water, 
and which consequently possesses the same permeabiMty 
with regard to heat that all diaphanons bodies have fo|r 
light. It follows, therefore, that the impermealHlity of 
glass and other substances for radiant heat arises from 
tlieir action upon the calorific rays, and not from the 
principle of caloric. But although this discovery changes 
the received ideas dirawn from M. de Laroche*s experi- 
ments^ it establishes a new and unlooked for analogy 
between these two ^at agents of nature True it is 
that the separation of the luminous and calorific rays 
shows that they must owe dieir immediate origin to two 
different causes, at the same time it is quite possible 
that these two causes themselves may be only different 
effects of one single cause. The probability of fight and 
heat being modifications of the same principle is not 
^minished by the calorific rays being unseen, for the 
condition of visibility or invisibility may only depend 
upon tike construction of our eyes, and not upon the 
nature of the agent whi<dt produces theser sensations in 
us. The sense of seeing may be confined within certain 
limits. The chemical rays beyond the violet end of the 
spectrum may be too rapid, or not sufficiently excursive 
in their vibratioDs to be visible to the human eye ; and 
the calonfio rays beyond the otiier end of the spectrum 
' may not be sufilciently rapid, or too extensive, in tJieir 
undulations, to aifect our optic nerves, ti^ough bodi may 
be visible to certain anknals or insects. We are alto- 
gether ignorant of tne perceptions which direct tiie car> 
rier-pigeon to his home, or of those in the aintenn® of 
insects which warn them of the approach of danger; 
nor can we understand the telescopic vision which di- 
t reets the vulture to his prey before he himself is visible 
even as a speck in the heavens (N. 213). So likewise 
beings may exist on earth, in the air, or in the waters, 
* whidi hear sounds our ears are incapable of hearing, 
^ and which see rays of Mght and heat of which we ftfe 
unconscious. Our perceptions, and faculties are limited 
to a very small portion of that immense chain of exist- 
ence which extends from the Creator to evanescence. 

The identity of action under similar circiimstances is 
one of the strongest aritnments in favor of the common 
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oMtore of the chemical, Tisibie, and calorific zaya. They 
are all capable of refledaon from poUsfaed nuriaces, of 
refraction tlurougb diaphanous svbaUnces, of poiarizatien 
by refiectioa and hf doaUy relncling crystals : none of 
these rays add sensibly ^o the weight of matter; their 
velocity is prodigious; they may be concentrated and 
dispersed by convex and concave mirrors; they pass 
with equal '&ctlity through rock-salt, and are capable of 
radiation ; the chemical rays are subject to the same 
law of interference with those of light ; and althou^ 
the interference of the calorific rays has iiot yet been 
prored directly, the indirect evidence places it beyond m, 
doubts As the actien of matter in so maoy cases is the 
same on the whole assemblage of rays, visible and 
invisiblet which constitute a aoittr beam, it is more than 
probable that the obscure as weH as the himinotts past Is 
propagated by the undulations of an imponderable edier, 
and consequently comes under the same laws of analysis. 
When radiant heal falls upon a surface, part of it is 
reflected and pert of it is absorbed; coasequentiy the. 
best reflectors possess the least absorbing powen. The 
temperature of very tnmsparent fluids is not raised by 
the possa^ of tiie sun's rays, because they do net 
absorb any of them : and as his heat is very iDtense, 
tmnsparent solids arrest « very smaU ponaoii of &t. 
The absorpliion of the sun^ n^s w &e cause botii of 
the color and temperatRia of solid bodiea* A bkok 
substance absorbs all the r^ysof £eht and reflects none; 
atid since it. absorbs at the same^me all the oaloriflc 
rays, it becomes sooner warm, and rises to a hi^uir 
temperature than bodies of any other color. Bkie 
bodies come next to black in their pew«r of absorptioii. 
Of lUl tine colors of the solar spectrum, the Uue pos- 
sesses least of the heating powor ; and since euhslMKes 
(^ a blue tint absorb all the other codk>r8 of the spectnngs, 
they absorb by fur the greatest part of the calorific rays, 
and reflect the blue where they are least ahiindaii^ 
Next in order c<Hae the. green, y^low, red, and last of 
all, white bodies, which reflect nearly all the rays boldi 
of light and heat. However, there are certain limpid 
and o<^iCNrless media, which in some cases iatexeept 
calorific radiations and faecome heated* while in- other 
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oases they transimt tibem and undergo no tsbange of 
temperature. 

AH substances may be coiisidered to radiate calori<v 
whatever their temperature may be, tiJdoagh wi& dif- 
ferent intensities, aceprcling to their nature, the state of. 
their surfaces, and the temperature of the medium into 
which they are brought. But every surface absorbs as 
well as radiates caloric ; and the power of absorption 
is ahvays equal to ^t of radiation ; for under the same 
circumstances, matter which becomes soon waasa also 
cools rapid^. There is a constant tendency to an 
equal diffusion of caloiic, since every body in nature id 
giving and receiving it at the same instant : each wiU be 
of uniform temperature when the quantities of caloric 
»ven and received during the same time are equal, — 
that is, when a perfect compensation takes place be* 
tween each and all t^e rest. Our senaatioiia only 
measure comparative degrees of heat:. when a body, 
such as ice,, appears to be cold, it imparts fewer calonfic. 
rays than it receives ; and when a substance se^ns to 
be warm, — ^for example, a fire, — it gives more caloric 
than it takes. The phenomena of dew and hoar-froet 
are owing to this inequality of exchange ; the caloric 
radiated during the night by substances on the surface 
of the earth into a clear expanse of sky. is lost, and no 
return is made from the blue vault, so that their tem* 
perature sinks below that of the air, whence tiiey 
abstract a part of that caloric which holds the atmos- 
pheric humidity in solution, and a deposition of deW' 
takes place. If the radiation be great, the dew is. 
frozen and becomes hoar-frost, which is the ice of dew. 
Cloudy weather is unfavorable to the formation of dew, 
by preventing the free radiation of caloric ; and actual 
contact is reqiusite for its deposition, since it is never 
suspended in the air like fog. Plants derive a great 
part of their nourishment i/s)m this source ; and as each 
possesses a power of radiation peculiar to itself^ they 
are capable of procuring a sufficient supply for their 
wants. The action of the chemical rays imparts to ail 
substances more or less^ the power of condensing vapor 
on those parts on which they fieUl, and must therefore 
have a considerable influence on the d^Mwition of dew» 
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Rain ■• fiMrmed by liie modng of two massei of sir of 
different temperatures ; the colder part, by abstracting 
from the other the heat which holds it in solution, occa- 
sions the particles to approach each other and form 
drops of vrater, which, becoming too heavy to be sus- 
tained by the atmosphere, sink to the earth by gravita- 
tion in the form of rain. The contact of two strata of 
air of different temperatures, moring rapidly in opposite 
directions, occasions an abundant precipitation of rain. 
When the masses of air differ very much in tempera- 
ture, and meet suddenly, hail is formed. This happens 
frequently in hot plains near a ridge of mountains, as in 
the south of France ; but no explanation has Mtherto 
been given of the cause of the severe hail-storms which 
occasionally take place on extensive plains within the 
tropics. 

An accumulation of caloric invariably produces light : 
with the exception of the gases, aH bodies which can 
endure the requisite degree of heat without decompo- 
sition begin to emit light at the same temperature ; but 
when the quantity of calorie is so great as to render the 
affinity of their component particles less than their 
affinity' for the oxygen of the atmosphere, a chemical 
Gcnnbination takes place with the oxygen, light and heat 
are evolved, and fire is produced. Combustion — ^so 
essential for our comfort, and even existence— takes 
place very easily from the small affinity between the 
component parts of atmospheric air, the oxygen being 
neaiiy in a free state ; but as the cohesive force of the 
particles of different substances is very variable, differ- 
ent degrees of heat are requisite to produce their com- 
bustion. The tendency of heat to a state of equal 
diffusion or equilibrium, either by radiation or contact, 
makes, it necessary that the chemical combination which 
occasions combustion should take place instantaneously ; 
for if the heat were developed progressively, it would 
be dissipated by degrees, afad would never accumulate 
sufficiently to produce a temperature high enough for 
the evolution of flame. 

It is a general law that aU bodies expand by heat and 
oontm.ct by cold. The expansive force of caloric has a 
oonstaot tendency to overcome the attraction of cc^es-'on. 
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and to separnte the eonstLtaent particles of sofids and 
fluids ; by this separation the attraction of aggregation is 
more and more weakened, till at last it is entirely over- 
come, or even changed into repulsion. By the centimial 
addition of caloric, solids may he made to pass into hqnids, 
and from liquids to the aeriform state, tiie dilatation in- 
creasing with th^ temperature ; and every substance ex- 
pands according to a law of its own. Gases expand more 
tiian liquids, and liquids more than solids. The expan- 
sion of air is more than eight times that of water, and the 
increase in the bulk of water is at least forty-five times 
greater than that of iron. Metals dilate uniformly from 
the freezing to the boiling points of the thermometer ; 
the uniform expansion of the gases extend? between still 
wider limits ; but as liquidity is a state of transition from 
the solid to the aeriform condition, the equable dilatation 
of liquids has not so extensive a range. This change of 
bulk, corresponding to the variation oif heat, is one of the 
most important of its effects, since it furnishes the means 
of measuring relative temperature by the thermometer 
and pyrometer. The rate of expansion of solids varies 
at their transition to liquidity, and that of liquidity is no 
longer equable near their change to an aeriform state. 
There are exceptions however to the general laws of 
expansion; some liquids have a maximum density corres- 
ponding to a certain temperature, and dilate whether that 
temperature be increased or diminished. For example 
— ^water expands whether it be heated above or cooled 
below 40°. The solidification of some liquids, and es- 
pecially their crystalization, is always accompanied by an 
increase of bulk. Water ^ated rapidly when converted 
into ice, and with a force sufi&cient to spMt the hardest 
substances. The formation of ice is therefore a pow- 
erful agent in the disintegration and decomposition of 
rocks, operating as one of the most efficient causes of' 
local changes in the structure of the erust of the earth ; 
of which we have experience in the tremendous ibotde^ 
ments of mountains in Switzerland. 

The dilatation of substances by heat, and their con- 
traction by cold, occasion such irregularities in the rate 
of clocks and watcheij as would render them unfit for 
astronomical or nautical purposes^ were it not &r a very 
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beautiftil iipiiliGStaon of liie hiw8 of unequal expansioti. 
The oseUktaona of a peadulam are the same as if its 
whole mass were united in one dense particle, in a cer- 
tain point of its length, caUed the center of oscillation. 
If the distance of thur point from the point by which the 
pendulum is suspended were invariable, the rate of the 
«loek would be invariable also. The difficulty is to neu- 
tralize the effects of temperature, which is perpetually 
increasing or dimimshing its length. Among many con- 
trivances, Graham's compensation pendulum is the most 
suaple. He employed a glass tube containing mercmy. 
When the tube expands from the eflects c? heat, the 
mercuiy expands much more ; so tiiat its suifiice rises 
a little more than the end of the pendulum is depressed, 
and the center of osciUaition remains stationary. Har- 
rison invented a pendulum which consists of seven bars 
of steel and of brass, joined in the shape of a gridiron, 
in such a manner that if by change of temperature the 
bars of braas raise the weight at the end of tlie pendu- 
lum, the bars of steel depress it as much. In general, 
only five bars are used ; three being of steel ai^ two a 
mature of silver and zinc. The effects of temperature 
are neutrafized in chronometers upon the same prinei- 
nle; and toauch perfection are they brought, that the 
loss or gain of one second in twenty-four hours for two 
days running would render one unfit for use. Accuracy 
in surveying depends upon the compensation rods em 
ployed in measuring bases. Thus, the laws of the une- 
qual expansion of mattM* judiciously applied have an 
imniediate influence upon our estimation of time; of 
the motions of bodies in the heavens, and of their fall 
upon the earth ; on our determination of the figure of 
the globe, and on our ^stem of weights and measures ; 
on our commerce abroad, and the mensuration of our 
lands at home. 

The expansion oi the crystaline substances talies place 
under very different circumstances from the dilatation 
of such as are not crystalized. The latter become both 
longer and thicker by an aeession of heat, whereas M. 
Mitscherlich has found that the former expand differ- 
ently in different directions ; and in a particular instance, 
extension in one direction is accompariied by contraellon 
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n another. The internal structui*e of crystalized mat- 
tor must be very peculiar, thus to modify the expansive 
power of heat, and so materially to influence the trans- 
mission of caloric and the visible rays of the spectrum. 

Heat is propagated with more or less rapidity through 
all bodies ; air is the worst conductor, and consequently 
mitigates the severity of cold climates by preserving the 
heat imparted to the earth by the sun. On the con- 
trary, dense bodies, especially metals, possess the power 
of conduction in the greatest degree, but the transmis- 
sion requires time. If a bar of iron twenty inches long 
be heated at one extremity, the caloric takes four min- 
utes in passing to the other. The particle of the metal 
that is first heated communicates its caloric to the sec- 
ond, and the second to the third ; so that the temperature 
of the intermediate molecule at any instant is increased 
by the excess of the temperature of the first above its 
own, and diminished by tne excess of its own tempera- 
ture above that of the third. That however will not 
be the temperature indicated by the thermometer, be- 
cause as soon as the particle is more heated than the 
surrounding atmosphere, it loses its caloric by radiation, 
in proportion to the excess of its actual temperature 
above that of the air. The velocity of the discharge is 
directly proportional to the temperature, and inversely 
as the length of the bar. As there are perpetual varia- 
tions in the temperature of all terrestrial substances and 
of the atmosphere, from the rotation of the earth, and 
its revolution round the sun, from combustion, friction, 
fermentation, electricity, and an infinity of other causes, 
the tendency to restore the equability of temperature 
by the transmission of caloric must maintain all the 
particles of matter in a state of perpetual oscillation, 
which wiU be more or less rapid according to the con- 
ducting powers of the substances. From me motion of 
the heaveofy bodies about their axes, and also round the 
sun, exposing them to perpetual changes of temperature, 
it may be inferred that similar causes will produce like 
effects in them 'too. The revolutions of the double stars 
show that they are not at rest ; and though we are to- 
tilly ignorant of the chanses that may be going on in the 
nebulaB and millions of ouier remote bodies, it is harlly 


226 PROPAGATION OF HBAT. Bmvs.XVf, 

possible that they should be in absolute repose ; so that, 
as far as our knowledge extends, motion seems to be a 
law of matter. 

Heat applied to the surface of a fluid b propagated 
downward veiy slowly, the warmer and consequently 
lighter strata always remaining at the top. This is the 
reason why the water at the bottom of lakes fed from 
alpine chains is so cold ; for the heat of the sun is ti'ans- 
fused but a little way below the surface. When heat 
is applied belpw a liquid, the particles continually rise 
as they become specifically lighter in consequence of 
the caloric, and diffuse it through the mass, their place 
being perpetually supplied by those that are more dense. 
The power of conducting heat varies materially in dif- 
ferent liquids. Mercury conducts twice as ^t as an 
equal bulk of water, which is the reason why it appears 
to be so cold. A hot body diffuses its caloric in the air 
by a double process. The air in contact with it being 
heated aild becoming lighter, ascends and scatters its 
caloric, while at the same time another portion is dis- 
charged in straight lines by the radiating powers of the 
suiface. Hence a substance cools more rfipidly in air 
than in vacuo, because in the latter case the process is 
carried on by radiation alone. It is probable that the 
earth, having originally been of very high temperature, 
has become cooler by radiation only. The ethereal 
medium must be too rare to carry off much caloric. 

Besides the degree of heat indicated by the thermom- 
eter, caloric pervades bodies in an imperceptible or latent 
state ; and their capacity for heat is so various, that very 
different quantities of caloric are required to raise differ- 
ent substances to the same sensible temperature ; it is 
therefore evident that much of the caloric is absorbed, 
. or becomes latent and insensible to the thermometer. j 

The portion of caloric requisite to raise a body to a given 
temperature is its specific heat ; but latent heat is that ( 

portion of caloric which is employed in changing the state 
of bodies from solid to liquid, and from liquid to vapor. 
When a solid is converted into a liquid, a greater quau- 
' tity of caloric enters into it than can be detected by the 
thermometer-;' this- accession of caloric does not niake 
the body WRrnr^r though it #!onverts it into a liquid, and 
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is the principal cau^e of its fluidity. Ice remains at the 
temperature of 32° of Fahrenheit till it has combined 
with or absorbed 140° of caloric, and then it melts, but 
without raising the temperature of the water above 32° ; 
so that water is a compound of ice and caloric* On 
the contrary, when a liquid is converted into a solid, a 
quantity of caloric leaves it without any diminution of 
temperature. Water at the temperature of 32° must 
part with 140° of caloric before it freezes. The slow- 
ness with which water freezes, or ice thaws, is a con- 
sequence of the time required to give out or absorb 140° 
orlatent heat. A considerable degree of cold is often felt 
during a thaw, because the ice, in its transition from a 
solid to a liquid state, absorbs sensible heat from the atmos- 
phere and other bodies, and by rendering it latent main- 
tains them at the temperature of 32° while melting. Ac- 
cording to the same principle, vapor is a combination of 
caloric with a liquid. By the continued application of 
heat, liquids are converted into vapor or steam, which 
is invisible and elastic like common au:. Under the 
ordinary pressure of the atmosphere, that is, when the 
barometer stands at 3Q inches, water acquires a constant 
accession of heat till its temperature rises to 212° of 
Fahrenheit ; after that it ceaises to show any increase 
in heat, but when it has absorbed an additional 1000° of 
caloric it is converted into steam. Consequently, about 
1000° of latent heat exists in steam without raising its 
temperature, and steam at 212° must part with the same 
quantity of latent caloric when condensed into water. 
Water boils at different temperatures under different 
degrees of pressure. It boils at a lower temperature 
on the top of a mountain thm in the plain below, 
because the wei^t of the atmosphere is less at the 
higher station. There is no limit to the temperature 
tp which water might be reused ; it might even be made 
red-hot, could a vessel be found strong enpugh to resist 
the pressure. The expansive force of steam is in pro- 
portion to the temperature at which the water boils ; it 
may therefore be increased to a degree that is only lim- 
ited by our inability to restrain it, and is the greatest 
power that has been made subservient to the wants of 
man. 
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It is found that the absolute quantity of heat consumed 
in the process of converting water into steam is the same 
at whatever temperature water may boil, but that the 
latent heat of steam is always greater exactly in the same 
proportion as its sensible heat is less. Steam raised at 
212^ under the ordinaiy pressure of the atmosphere, 
and steam raised at 180*^ under half that pressure, con- 
tain the same quantity of heat, with this difference, that 
the one has more latent heat and less sensible heat than 
the other. It is evident that the same quantity of heat 
is requisite for converting a given weight of water into 
steam, at whatever temperature or under whatever 
pressure the water may be boiled ; and therefore in the 
steam engine, equal weights of steam at a high pressure 
and a low pressure are produced by the same quantity 
of fuel ; and whatever the pressure of the steam may 
be, the consumption of fuel is proportional to the quan- 
tity of water converted into vapor. Steam at a high 
pressure expands as soon as it comes into the air, by 
which some of its sensible heat becomes latent ; and as 
it naturally has less sensible heat than steam raised under 
low pressure, its actual temperatui*e is reduced so much 
tihat the hand may be plunged into it without injury the 
instant it issues from tlie orifice of a boile)*. 

The elasticity or tension of steam, like that of common 
air, varies inversely as its volume ; that is, when the 
space it occupies is doubled, its elastic force is reduced 
one-half. The expansion of steam is indefinite; the 
smallest quantity of water when reduced to the form of 
vapor, will occupy many millions of cubic feet ; a wonder- 
ful illustration of the minuteness of the ultimate parti- 
cles of matter ! The latent heat absorbed in the forma- 
tion of steam is given out agun by its condensation. 

Steam is formed throughout the whole mass of a 
boiling Hqmd, whereas evaporation takes place only at 
the free surfaces of liquids, and that under the ordinary 
temperature and pressure of the atmosphere. There 
is a constant evaporation from the land and water all 
over the earth. The rapidity of its formation does not 
altogether depend upon tile dryness of the air ; according 
to Dr. Dalton*8 experiments, it depends also on tJie di^ 
ference between the tension of the vapor which is form* 
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ing and that which is akeadj in the atmosphere. In 
calm weather, vapor accumulates in the stratum of air 
immediately above the evaporating surface, and retards 
the formation of more ; whereas a strong wind accele- 
rates the process, by carrying off the vapor as soon as 
it rises, and making way for a succeeding portion of 
dry air. 

The latent heat of air and aU elastic fluids may be 
forced out by sudden compression, like squeezing water 
out of sponge. The quantity of heat brought into action 
in this way is venr well illustrated in the experiment of . 
igniting a piece of tij|frt)er by the sudden compression of^^>v/ 
air by a piston thrusi into a cylinder closed at one end : / 
the development of heat on a stupendous scale is exhib- 
ited in lightning, probably produced in part by the violent 
compression of the atmosphere during the passage ^ 
the electric fluid. Prodigious quantities of heat are 
constantly becoming latent, or are disengaged by the 
changes of condition to which substances are liaole in 
passing4rom the solid to the liquid, and from the liquid 
to the gaseous form, or the contrary, occasioning endless 
vicissitudes of temperature over the globe. 

There are many other sources of heat, such as com- 
bustion, friction, and percussion, all of which are only 
means of calling a power into evidence which already 
exists. 

The application of heat to the various branches of the 
mechanical and chemical arts has, within a few years, 
eflected a greater change in the condition of man than 
had been accomplished in any equal period of his eust- 
ence. Armed by the expansion and condensation of 
fluids with a power equal to that of the lightning itself, 
conquering time and space, he flies over plains, and trav- 
els on paths cut by human industry even through moun- 
tains, with a velocity and smoothness more like planetai^ 
than terrestrial motion ; he crosses the deep in opposi- 
tion to wind and tide ; by releasing the strain on the 
cable, he rides at anchor fearless of t£e storm ; he makes 
the elements of air and water the carriers of warmth, 
not only to banish winter from his home, but to adorn it 
even during the snow-storm with the blossoms of spring; 
and, like a magician, he raises, from the gloomy ana 
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deep Ebyss of the mine, the spirit of light to dispel die 
tnidnight darkness. 

It has been observed that heat, like light and sound, 
probably consists in the nndnlations of an elastic medium. 
A.11 the principal phenomena of heat may actually be 
illustrated by a comparison with those of sound. The 
excitation of heat and sound are not only similar but 
often identical, as in fHction and percussion ; they are 
both communicated by contact and radiation ; and Dr. 
Young observes, that the effect of radiant heat in raising 
the temperature of a body upon which it falls, resembles 
the sympathetic agitation of a string when the sound of 
another string which is in unison with it is transmitted 
through the air. Light, heat, sound, and the waves of 
^uids, are afl subject to the same laws of reflection, and 
indeed their undulatory theories are perfectly similar.^ 
If, therefore, we may judge from analogy, the undula- 
tions of some of the heat-producing rays must be less 
frequent than liiose of the extreme red of the solar spec- 
trum ; but the analogy is now perfect, since the inter- 
ference of heat is no longer a matter of doubt : lience 
the interference of two hot rays must produce cold ; 
darkness results from the interference of two undula- 
tions of light; silence «nsUes from the interference of 
two undulations of sound ; and still water, or no tide, is 
the consequence of the interference of two tides. The 
{iropagation of sound, however, requires a much denser 
medium than that either of light or heat ; its intensity 
diminishes as the rarity of the air increases ; so that, at 
a very small height above the surface of the eaHh, the 
noise of the tempest ceases, and the thunder is heard 
no more in those boundless regions where the heavenly 
bodies accomplish their periods in eternal and sublime 
silence. 

A consciousness of the fallacy of our senses is one of 
the most important consequences of the study of nature. 
This study teaches us that no object is seen by us in its 
true place, owing to aberration ; that the colors of sub- 
stances are solely the effects of the action of matter upon 
hght ; and that light itself, as weU as heat and sound, are 
not real beings, but mere modes of action communicated 
to our perceptions by the nerves. The human frtime 
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may therefoi^ be regarded as an elastic system, the dif» 
ferent parts of which are capable of receiving the tremors 
of elastic media, and of vibrating in unison with any num- 
ber of superposed undulations, all of which have their 
perfect and independent effect. Here our knowledge 
ends ; the mysterious influence of matter on mind will 
in all probability be forever hid from man. 

A series of experiments by Sh* John Herschel has 
disclosed a new set of obscure rays in the solar spec- 
trum, which seem to bear the same relation to those of 
heat that the photographic or chemical rays bear to the 
luminous. They are situate in that part of the spec- 
trum which is occupied by the less refrangible visible 
colors, and have been named by their discoverer Pamther- 
mic rays. It must be held in romembrance that the 
region of greatest heat in the solar spectrum lies in the 
dark space beyond the visible red. Now Sir John Her- 
schel found that in experiments with a solution of gum 
guaiacum in soda, which gives the paper a green color, 
the green, yellow, orange, and red rays of the spectrum 
invariably discharged the color, while no effect was pro- 
duced by the extra-spectral rays of caloric, which ought 
to have had the greatest effect^ had heat been the cause 
of the phenomenon. When an aqueous Solution of 
chlorine was poured over a slip of paper prepared with 
gum guaiacum dissolved in soda, a color vaiying from a 
deep somewhat greenish hue to a fine celestial blue was . 
given to it ; and when the solar spectrum was thrown 
on the paper while moist, the color was discharged from 
all the space under the less refrangible luminous rays, 
at the same time that the more distant thermic rays 
beyond the spectrum evaporated the moisture from the 
space on which they fell : so that the heat spots becAme 
apparent. But the spots disappeared as the papei 
dried, leaving the surface unchanged ; while the photo 
graphic impression within the visible spectrum increased 
in mtensity, the non-luminous thermic rays, though 
evidently active as to heat, were yet incapable of effect- 
ing that peculiar chemical change which other rays of 
much less heating power were all the time producing. 
Sir John having ascertained that an artificial heat from 
160° to 280® of Fahrenheit changed the green tint of 
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gum goaiacum to its original yellow hue when moist, 
bat tluLt it had no such effect when dry, he therefore 
tried whether heat from a hot iron applied to the back 
of the paper used in the last-mentioned experiment 
while under the influence of the solar spectrum might 
not assist the action of the calorific rays ; but instead of 
doing so, it greatly accelerated the discoloration over the 
spaces occupied by the less refrangible rays, but had no 
effect on the extra-spectral region of maximum heat. 
Obscure terrestrial heat therefore is capable of assisting 
and being assisted in effecting this peculiar change by 
those rays of the spectrum, whether luminous or ther- 
mic, which occupy its red, yellow, and green regions, 
while on the other hand it receives no such assistance 
from the purely thermic rays beyond the spectrum 
acting under similar circumstances and in an equal state 
of condensation. 

The conclusions drawn from these experiments are 
confirmed by that which follows : a photographic picture 
formed on paper prepared with a mixture of the solu- 
tions of ammonia-citrate of iron and ferro-sesquicyanite 
of potash in equal parts, then thrown into water and 
afterward dried, will be blue and negative, that is to 
say, the lights and shadows will be the reverse of what 
they are in nature. If in this state the paper be washed 
with a solution of pfoto-nitrate of mercui^, the picture 
will be discharged : but if it be well washed and dried 
and a hot smoothing iron passed over it, the picture in- 
stantly reappears, not blue, but brown : if kept some 
weeks in this state in perfect darkness between the 
leaves of a portfolio, it fades and almost entirely vanishes, 
but a fresh application of heat restores it to its full origi- 
nal intensily. This curious change is not the effect of 
light, at least not of light alone. A certain temperature 
must be attained, and that suffices in total darkness : yet 
on exposing to a veiy concentrated spectrum a slip of the 
paper used in the last experiment, after the uniform 
blue color has been discharged and a white ground left, 
this whiteness is changed to brown over the whole re- 
gion of the red and orange rays, hut not beyond the 
luminous spectrum. 

Sir John thence concludes — 1st. That it is the heat 


8bct. XXV. CONGLUHION8 TO BE DRAWN. 233 

of these rays, not their light, which operates the 
change; 2dl7. That this heat possesses a peculiar 
chemical qucdity which is not possessed by the purely 
calorific rays outside of the visible spectrum, though far 
more intense ; and, 3dly. That the heat radiated from 
obscurely hot iron, abounds especially in rays analogous 
to those of the region of the spectrum above indicated. 

Another instance of these singular transformations 
may be noticed. The pictures formed on cyanotype 
paper, rendered more sensitive by the addition of cor- 
rosive sublimate, are blue on a wlute ground and posi- 
tive, that is, the lights and sLadows are the same as in 
nature, but by the application of heat, the color is 
changed from blue to brown, from positive to negative ; 
even by keeping in darkness the blue color is restored, 
as well as the positive character, Sur John attributes 
this as in the former instance to certain rays, which re- 
garded as rays of heat or light, or of some influence m 
generis accompanying the red and orange rays of the 
spectrum, are also copiously emitted by bodies heated 
snort of redness. He thinks it probable that these in- 
visible parathermic rays are the rays which radiate 
firom molecule to molecule in the interior of bodies, that 
they determine the discharge of vegetable colors at the 
boiling temperature, and abo the innumerable atomic 
transiormations of organic bodies which take place at 
the temperature below redness, that they are distinct 
from those of pure heat, and that they are sufficiently 
identified by these characters to become legitimate ob^ 
jects of scientific discussion. 

The calorific and parathermic rays appear to be so 
intimately connected with the discoveries of Messrs. 
Draper and Moser that the subject of solar radiation 
would be imperfect were they omitted. The dis- 
covery of Daguerre shows that the action of light on 
the iodide of silver renders it capable of condensing the 
vapor of mercury which adheres to the parts affected 
by it. Professor Moser of E6nigpberg has proved that 
the same effect is produced by the simple contact of 
bodies, and even by their very near juxta-position, and 
that in total darkness as well as in light. This dis- 
covery he announced in the following words : '* If a 
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sar&ce has been touched in any particnlar parts by any 
body, it acquires the property of precipitating all va- 
pors, and these adhere to it or combine chemicdly with 
it on those spots differently to what they do on the un- 
touched parts." If we write on a plate of glass or any 
smooth surface whatever with blotting paper^ a brush, 
or anything else, and then clean it, the characters al- 
ways reappear if the plate or surface be breathed upon, 
and the same effect may be produced even on the sur- 
fince of mercury ; nor is absolute contact necessary. If 
a screen cut Id a pattern be held over a polished me- 
tallic surface at a small distance, and the whole breathed 
on : after the vapor has evaporated so that no trace is 
left on the surface, the pattern comes out when it is 
breathed on again. 

Professor Moser proved that bodies exert a very de- 
cided influence upon each other, by placing coins, cut 
stones, pieces of horn, and other substances, a short 
time on a warm metallic plate; when the substance 
was removed no impression appeared on the plate till it 
was breathed upon or exposed to rfie vapor of mercury, 
and then these vapors adhered only to the parts where 
the substance had been placed, making distinct images, 
which in some cases were permanent after the vapor 
was removed. Similar impressions were obtained on 
glass and other substances even when the bodies were 
not in contact, and the results were the same whether 
the experiments were performed in light or in darkness. 

Mr. Hunt has shown that many of these phenomena 
depend on difference of temperature, and that in order 
to obtain good impressions dissimilar metals must be 
used. For example, gold, silver, bronze, and copper 
coins were placed on a plate of copper too hot to be 
touched, and allowed to remain till the plate cooled; 
all the coins had made an impression, the distinctness 
and intensinr of which was in the order of the metals 
named. When the plate was exposed to the vapor ot 
mercury the result was the same, but when the vapor 
was wiped off, the gold and silver coins only had left 
permanent images on the copper. These impressions 
are often minutely perfect whether the coins are in 
actual contact with the plate or i of an inch above it. 
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The mass of the metal has a material inflnence on the 
result ; a large copper coin makes a better impression 
on a copper plate than a small silver coin. When coins 
of different metals are placed on the same plate they 
interfere with each other. 

When, instead of being heated, the copper plate 
was cooled by a freezing mixture, and bad conductors of 
beat laid upon it, as wood, paper, glass, &;c., the result 
was similar, showing that the phenomena could be pro- 
duced by any disturbance of the caloric latent in the 
substances. 

There can be no doubt that these phenomena are 
universal, since all substances are more or less sensitive 
to light, which must produce innumerable changes in 
the nature of terrestrial things, especially in the vege- 
table tribe, by the power it gives of condensing vapor 
and consequently the deposition of dew. 

Red and orange^colored media, smoked glass, and all 
bodies that transmit or absorb the calorific rays freely, 
leave strong impressions on a plate of copper whether 
they be in contact or | of an inch above the plate. The 
strongest proof that heat is concerned in some ^t least 
of these phenomena is evident. For instance, a solar 
spectrum concentrated by a lens was thrown on a pol- 
ished plate of copper and kept on the siime spot by a 
heliostat for one, two, or three hours; when exposed 
to mercurial vapor a film of the vapor covered the plate 
where 1ii6 diffused light which always accompanies the 
solar spectrum had rallen ; on the obscure space occu- 
pied by the maximum heating power of Sir William 
Herschel, and also the great heat spot in the thermic 
spectrum of Sir John Herschel, the condensation of the 
mercury was so thick that it stood out a distinct white 
spot on the plate, while over the whole space that had 
been under the visible spectrum the quantity of vapor 
was much less than that which covered the other parts, 
affording distinct evidence of a negative effect in the 
iumibous spectrum, and of the power of the calorific 
rays, which is not always confined to the surface of the 
metal, since in many instances the impressions are formed 
to a considerable depth below it, and consequently are 
permanent. 
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Mr. Hunt observing that a black substance leaves t 
stronger impression on a metallic surface than a white, 
applied the property to ihe art of thennogrB{^y, bj 
which he copies prints, wood-cuts, writing, and printing, 
on copper amalgamated on one surface and hi^ity p6^ 
ished, merely by placing the object to be copied 
smoothly on the metal and pressing it into close contaci 
by a plate of glass : after some hours the plate is sub 
jected to the vapor of mercury and afterward to that ol 
iodine, when a black and accurate impression of the 
object comes out on a gray ground. Effects similar ti 
those attributed to heat may also be produced by elec 
tricity : Mr. Karsten, by placing a glass plate upon one 
of metal, and on the glass plate a medal subjected to 
discharges of electricity, found a perfect image of tiie 
medal impressed on the glass, wmch could be brought 
into evidence by either mercury or iodine ; and when 
several plates of glass were interposed between the 
medal and the metallic plate, each plate of glass re- 
ceived an image on its upper sur&ce after the passage 
of electrical discharges. These dischai^es have the 
remarkable power of restoring impressions that have 
been long obliterated firom plates by polishing ; a proof 
that the disturbances upon which these phenomena 
depend are not confined to the sur&ce of the metak, 
but that a very decided molecular change has taken 
place to a considerable depth. Mr. Hunt*s experiments 
prove that the electro-negative metals make the most 
decided images upon electro-negative plates, and vice 
versd, M. Matteucci has shown that a dischaige of 
electricity does not visibly affect a polished silver plate, 
but that It produces an alteration which renders it capa- 
ble of condensing vapor. 

M. Fizeau ascribes a numerous class of these phe- 
nomena to the action of a slight layer of organic or fatly 
matter on the surfaces, which, being voli£le, is trans- 
ferred to any body near, in a greater or less quantity ac- 
cording to the distance ; that is, according as the sur- 
face projects or sinks into hollows. When the different 
parts of'^a surface are unequally soiled by extraneous 
bodies, even in the minutest Quantity, the condensation 
of mercurial vapor is effected in a manner visil^F dif* 
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ferent on its different parts, and therefore images are 
formed. Although this explains various phenomena, it 
does not apply to those already described, as Mr. Hunt 
had taken the precaution to divest the substances he 
used of every trace of or^mic matter. 

It is difficult to see to what cause Mr. Hunt's experi- 
ments on the reciprocal action of bodies in total darkness 
Can be attributed, unless perhaps to a constant radiation 
of some peculiar principle from their surfaces, which 
really seems to exist. 

The impression of an engraving was made by laying 
it face downwards on a silver plate iodized, and placing 
an amalgamated copper plate upon it: it was left in 
darkness fifteen hours, when an impression of the en- 
graving had been made on the amalgamated plate, 
tkrougli the paper. 

As the same may be obtained on plates of irmi, zinc, 
or lead, it is evident that this result is not the effect of 
chemical rays* 

An iodized silver plate was placed in darkness with a 
coil of string laid on it, and with a polished silver plate 
suspended one eighth of an inch above it ; after four 
hours they were exposed to llie vapors of mercury, 
which became uniformly deposited on the iodized plate, 
but on the silver one tiiere was a sharp image of the 
string, so that this image was formed in tiiie dark, and 
even without contact. Coins or other objects leave 
their impressions in the same manner with perfect 
sharpness and accuracy, when brought out by vapor 
without contact, in darkness, and on simple metals.^ 

Heat, electricity, and the evaporation of unctuous 
matter, may account for some of these phenomena, but 
others clearfy point at some unknown influence exerted 
between the surfaces of solid bodies, and affecting thejr 
molecular structure so as to determine the precipitation 
of vapors, an influence which in all probability will ulti- 
mately be found to be either the parathermic rays of 
Sir John Herschel, or intimately connected with them. 
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the Earth. 

The ocean of light and heat perpetually flowing fi-om . 
the son, must affect the bodies of the system very dilfer- 
ently, on account of the yarieties in their atmospheres, 
some of which appear to be yeiy extensive and dense. 
According to the observations of SchrOeter, the atmos- 
r^ere of Ceres is more than 668 miles high, and that of 
rallas has an elevation of 465 miles. These must re- 
fract the light and prevent the radiation of heat like our 
own. But it is remarkable that not a trace of atm osphere 
can be perceived in Vesta. The action of the sun*s rays 
must be very different on such bodies from what it is 
on. the earth, and the heat imparted to them quickly 
lost by radiation ; yet it is impossible to estimate their 
temperature, since the cold may be counteracted by 
their central heat, if, as there is reason to presume, they 
have or^nally been in a state of fusion, possibly of 
vapor, "^e attraction of the eardi has probably de« 
prived the moon of hers ; for the refractive power of 
the air at l^e surface of the earth is at least a thousand 
times 88 great as refraction at the surface of the moon. 
The lunar atmosphere, therefore, must be of a greater 
degree of rarity than can be produced by our best air- 
pumps ; consequently no teirestrial animal could exist 
in it. This was confirmed by M. Arago's observations 
during l^e last great solai' eclipse, when no trace of a 
lunar atmosphere was to he seeti.' 

The sun has a very dense atmosphere', which is 
probably the cause of the peculiar phenomena in his 
photographic image already mentioned. What his body 
may be, it is impossible to conjecture ; but he seems to 
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be surrounded by a mottled ocean of flame, through 
which his dark nucleus appears like black spots often of 
enormous size. These spots are almost always com- 
prised within a zone of the sun's surface, whose breadth, 
measured on a solar meridian, does not extend beyond 30 J^ 
on each side of his equator, though they have been seen 
at the distance of 39i°. From their extensive and rapid 
changes, there is every reason to suppose that the exte- 
rior and incandescent part of the sun is gaseous. The 
solar rays, probably arising from chemical processes that 
continually take place at his surface, or from electricity, 
are transmitted through space in all directions ; but not- 
withstanding the sun's magnitude, and the inconceivable 
heat that must exist at his surface, as the intensity both 
of his light and heat diminishes as the square of the dis- 
tance increases, his kindly influence can hardly be felt 
at the boundaries of our system, or at all events it must 
be but feeble. 

The direct light 'of the sun has been estimated to he 
equal to that of 5563 wax candles of moderate i^ize, sup- 
posed to be placed at the distance of one foot irom the 
object. That of the moon is probably only equal to the 
light of one candle at the distance of twelve feet. Con- 
sequently the light of the sun is more than three hundred 
thousand times greater than that of the moon. Hence 
the light of the moon imparts no heat. Professor Forbes 
is convinced by recent experiments that the direct light 
of the moon is incapable of raising a thermometer one 
three -hundred-thousandth part of a centigrade degree, 
at least in this climate. The intensity of the sun's light 
diminishes &om the center to the circumference of the 
solar disc. 

In Uranus, the sun must be seen like a smaU but bril- 
liant star, not above the hundred and fiftieth part sd 
bright as he appears to us ; but that is 2000 times brighter 
tlian our moon ; so that he is really a sun to Uranus, 
and may knpart some degree of warmth. But if we 
consider that water would not remain fluid in any part 
of Mars, even at his equator, and that in the temperate 
zones of the same pkmet even alcohol and quicksilver 
would freeze, we may form some I flea of the cold that 
must reign hi Uranus* 
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The climate of Venus more nearly resembles that of 
the earth, though, excepting perhaps at her poles, much 
too hot for animal and vegetable life as they exist here ; 
but in Mercury, the mean heat arising only from the 
intensity of the sun's rays must be above that of boiling 
quicksilver, and water would boil even at his poles. 
Thus the planets, though kindred with the earth in mo- 
tion and structure, are totally unfit for the habitation of 
such a being as man, unless, indeed, their temperature 
should be modified by circumstances of which we are 
not aware, and which may increase or diminish the 
sensible heat so as to render them habitable. 

It is found by experience, that heat is developed in 
opaque and translucent substances by their absorption of 
solar light, but that the sun's rays do not sensibly alter 
the temperature of perfectly transparent bodies through 
which they pass. As the temperature of the pellucid 
planetary :»pace can be but little affected by the passage 
of the sun's light and heat, neither can it be sensibly 
raised by the heat now radiated from the earth ; conse- 
ouently its temperature must be invariable, at least 
tnrou^out the extent of the solar system. The at' 
mosphere, on the contraiy, gradually increasing in den- 
sity toward die surface of the earth, becomes less pel- 
lucid, tind therefore gradually increases in temj^ierature, 
both from the direct action of the sun, and from the ra- 
diadon of the earth. Lambert had proved that the ca- 
pacity of the atmosphere for heat varies according to the 
same law with its capacity for absorbing a ray of light 
passing through it from the zenith, whence M. Svanberg 
found that the temperature of space is 58 '^ below the 
zero point of Fahrenheit's thermometer. From other 
researches, founded upon the rate and quantity of at- 
mospheric refraction^ he obtained a result which only 
differs from the preceding by half a degree. M. Fourier 
has arrived at nearly the same conclusion from the law 
of the radiation of the heat of the terrestrial spheroid, 
on the hypothesis of its having nearly attained its limit 
of temperature in cooling down from its supposed prim- 
itive state of fusion. The difference in the result oi 
these three methods, totally independent of one another*, 
only amounts to the fraction of a degree. 
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The cold endured by Sir Edward Parry one day in 
Melville Island was 55"^ below zero ; and that suffered^ 
by Captain Back on the 17th of Januaiy, 1834, in 62° 
46i' of north latitude, was no less than 70*^ below the 
same point. However, M. Poisson attributes this to ac- 
cidental circumstances, and by a recent computation, he 
makes the temperature of space to be 8° above |;he zero 
of Fahrenheit. This he considers greatly to exceed the. 
temperature of the exterior strata of the atmosphere, 
which he conceives to be deprived of their elasticity by 
intense cold, and he thus accounts for the decrease of 
temperature at great elevations, and for the limited ex^- 
tent of the atmosphere. 

Doubtless, the radiation of all the bodies in the uni- 
verse maintains the ethereal medium at a higher tem- 
perature than it would otherwise have, and must event- 
ually increase it, but by a quantity so evanescent that it 
is hardly possible to conceive a time when a change will 
become perceptible. 

The temperature of space being so low, it becomes a. 
matter of no small interest to ascertain whether the earth 
may not be ultimately reduced by radiation to the tem- 
perature of the surrounding medium ; what the sources 
of heat are ; and whether they be sufficient to compen- 
sate the loss, and to maintain the earth in a state fit for 
the support of animal and vegetable life in time to come. 
AU observations that have been made under the^urface 
of the ground concur in proving that there is a stratum 
at the depth of from 40 to 100 feet throughout the whole 
earth, where the temperature is invaricyble at all times 
and seasons, and which differs but little from the mean 
annual temperature of the country above. According to 
M. Boussingault, indeed, that stratum at the equator is 
at the depth of little more than a foot in places sheltered 
from the direct rays of the sun ; but in our climates it 
is at a much greater depth. In the course of more than 
half a century, the temperature of the earth at the 
depth of 90 feet in the caves of the Observatory at Paris 
has never been above or below 53° of Fahrenheifs ther- 
mometer, which is only 2° above the mean annual tem^ 
perature at Paris. This zone, unaffected by the sun'p 
rays &om above, or by the internal heat from beloWf 
16 X 
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•erres as an origin whence the effects of the external 
heat are estimated on one side, and the internal temper- 
ature of the globe on the other. 

As early as the year 1740, M. Gensanne discovered 
m the lead mines of Geromagny, three leagues from 
B6fort, that the heat of the ground increases with the 
depth below the zone of constant temperature. A rast 
number of observations have been made since that time 
in the mines of Europe and America, by MM. Saussure, 
Daubuisson, Humboldt, Cordier, Fox, Keich, and othei^, 
which agree, without an exception, in proving that the 
temperature of the earth becomes higher in descending 
toward its center. The greatest depth that has beec 
attained is in the silver mine of Guamaxato in Mexico, 
where M. de Humboldt found a temperature of 98° at 
the depth of 285 fathoms ; the mean annual temperature 
of the country being only 61°. Next to that is the Dal- 
coath copper mine in Cornwall, where Mr. Fox's ther- 
Djometer stood at 68° in a hole in the rock at the depth 
of 230 fathoms, and at 82® in water at the depth of 240 
fathoms, the mean annual temperature at the surface 
being about 50o. But it is needless to multiply exam- 
ples, all of which concur in showing that there is a very 
great difference between the temperature in the interior 
of the earth and at its surface. Mr. Fox's observations 
on the temperature of springs which rise at profound 
depths in mines, afford the strongest testimony. He 
found considerable streams flowing into some of the 
Cornish mines at the temperature of 80° or 90^, which 
is about 30° or 40^ above that of the surface; and also 
ascertained that nearly 2,000,000 gallons of v^ter are 
daily pumped from the bottom of the Poldice mine, 
which is 176 fathoms deep, at 90° or 100°. As this is 
higher than the virarmth of the human body, Mr. Fox 
justly observes that it amounts to a proof diat the in- 
creased temperature cannot proceed from the persons of 
the workmen employed in the mines. Neither can the 
warmth of mines be attributed to the condensation ot 
the currents of air which ventilate them. Mr. Fox, 
whose opinion is of high authority in these matters, 
states that even in the deepest mines, the condensation 
of the air would not raise the temperature more than 
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50 or S^i and that if the heat could be attributed to thit 
cause, the seasons would sensibly affect the temperature 
of mines, which it appears they do not where the depth 
is great. Besides, the Cornish mines are. generally 
ventilated by numerous shafts opening into the galleries 
from the sur&ce or from a higher level. The air circu- 
lates fireely in these, descending in some shafts and as- 
eending in others. In all cases, Mr. Fox found that the 
upward currents are of a higher temperature than the 
descending currents; so much so, that in winter the 
moisture is often frozen in the latter to a consideraMe 
depth ; the circulation of air, therefore, tends to cool 
tile mine instead of increasing the heat. Mr. Fox has 
also removed the objections arising from the compara- 
tiveiy low temperature of the water in the shafts of 
abandoned mines, by showing that observations in them, 
from a variety of circumstances which he enumerates, 
are too discordant to furnish any conclusion as to the 
actual heat of the earth. The high temperature of 
mines might be attributed to the effects of the tires, 
candles, and gunpowder used by the miners, did not a 
similar increase obtiun in deep weUs, and in borings to 
l^at depths in search of water, where no such causes 
of disturbance occur. In a well dug with a view to 
discover salt in the canton of Berne, and long deserted, 
M. de Saussure had the most complete evidence of in* 
creasing heat. The same has^ been confirmed by the 
temperature of many wells, both in France and England, 
especially by the Artesian wells, so named from a pecu- 
liar method of raising water first resorted to in Artois, 
and since become very generaL An Artenan well con- 
sists of a shaft of a few inches in diameter, bored into 
the earth till a spring is found. To prevent the wat^r 
being carried off by the adjacent strata, a tube is let 
down which exactly fills the bore from top to bottom, in 
which the water rises pure to the surface. It is clear 
tiie water could not rise unless it had previously de- 
scended from high ground through the interior of the 
earth to the bottom of the weU.. It partakes of the 
temperature of the strata through which it passes, and 
in every instance has been warmer in proportion to the 
depth of the well ; but it: is evident that the law of in- 
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erefiM enmot be ofataioed in tins manoBr. Perhaps the 
most satasfactoiy experimeDts on record are those made 
by MM. August de la Rive and F. Marcet during th« 
J ear 1833, in a boring for water about a league from 
Geneva, at a place 318 feet above liie level of the lake 
The depth of the bore was 727 feet, and the diametei 
only between four and five inches. No spring was evei 
found ; but the shaft filled with mud, fiom the moisture 
of- the ground mixing with the earth displaced in bgring, 
ii^ch was peculiarly favooraUe for the experiments, as 
the temperature at each depth may be considered to be 
that of the particular stratum. In this case, where none 
of the ordinary causes of distiirbance could exist, and 
where every precaution was employed by scientific and 
experienced observers, the temperature was found to 
increase regnhoiy and uniformly with the depth at the 
rale of about I'' of Fahrenheit for every 52 feet. Pro-> 
feasor Reich of Freybeig has found that the mean of a 
great number of observations both in mines and wells is 
1° of Fahrenheit for every 55 feet' of depth, and from 
M. Arago*s observations in an Artesian well now baring 
in Paris, the increase is 1^ of Fahrenheit for every 45 
feet. Though thdre can be no doubt as to the increase 
of temperature in penetrating the crust of the earth, 
there is still much uncertainty as to the law of increase, 
which varies with the nature of the soil and other local 
drcumstances ; but on an average, it has been estimated 
at the rate of 1° for every 50 or 60 feet, which corre- 
sponds with the observations of MM. Marcet and de la 
Rive. In consequence of the rapid increase of internal 
heat, thermal springs, or such as are independent of 
volcanic action, rising from a great depth, must neces- 
sarily be very rare and of a high temperature, and it ia 
actually found that none are so low as 68^ of Fahren- 
heit : that of Chaudes Aigues in Auvergne is about 
136°. In many places warm water from Artesian wells 
will probably come into use for domestic purposes, and 
it is even now employed in manufactories at Wurtem- 
berg, in Alsace, and near Stutgardt. 

It is hardly to be expected &at at present any infor- 
mation with regard to the actual internal temperature 
of the earth should be obtained froUi that of the ocean* 
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on account of the mobility of fltiids, by which the colder 
masses sink downward, while those that ai-e warmer 
rise to the surface. Nevertheless it may be stated, that 
the temperature oi the sea decreases with the depth 
between the tropics ; while on the contrary, all our 
northern navigators found that the temperature increases 
with the depth in die polar seas. The change takes 
place about the 70th parallel of latitude. Some ages 
hence, however, it may be known whether the earth 
has arrived at a permanent state as to heat, by comparing 
fiecular observations of the temperature of the ocean if 
made at a great distance from the land. 

Shoukl the earth's temperature increase at the rate 
of 1° for every fifty feet, it is clear tiiat at the depth of 
200 miles the hardest substances must be in a state of 
fosion, and our globe must in that case either be encom- 
passed by a stratum of melted lava at that depth, or it 
must be a ball of liquid fire 7600 miles in diameter, in- 
closed in a thin coatiug of solid matter ; for 300 miles 
are nothing when compared with the size of the earth. 
No dolibt the form of the earth, as determined by the 
pendulum and arcs of the meridian, as well as by the 
motioins of the moon, indicates original fluidity and subse^ 
quent consolidation and reduction of temperature by ra- 
diation ; but whether the law of increasing temperature 
is uniform at still greater depths than those ah*eady 
attained by man, it is impossible to say. At all events, 
internal fluidity is not inconsistent with the present 
state of the earth^s surfece, since earthy matter is as 
bad a conductor of caloric as lava, which often retains 
its heat at a very httle depth for years after its surface 
is cool. Whatever the radiation of the earth might 
have been in former times, certain it is that it goes on 
very slowly in our days ; for M. Fourier has computed 
that the central heat is decreasing from radiation by 
only about tiie ^innr^^ P^^ ^^ ^ second in a century. If 
so, tJiere can be no doubt that it WiU ultimately be dis- 
sipated ; but as far as regards animal and vegetable life, 
it is of very little consequence whether the center of 
our planet be liquid fire or ice, since its condition ili 
either case could have no sensible effect on the climate at 
iti surface. The internal fire does not even impart hea^ 
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enough to melt the snow at the polesy though so much 
nearer to the center than any other part of me globe. 

The immense extent of active volcanic fire is one of 
the causes of heat which must not be overlooked. 

The range of the Andes from ChiH to the north of 
Mexico, probably from Cape Horn to Caltfomia, or even 
to New Madrid in the United States, is one vast district 
of igneous action, including the Caribbean Sea and the 
West Indian Islands on one hand ; and stretching quite 
across the Pacific Ocean, through the Polynesian Archi- 
pelago, the New Hebrides, the Georgian and Friendly 
Islands, on the other. Another chain begins with the 
Aleutian Islands, extends to Kamtschatka, and from 
thence passes through the Kurile, Japanese, and Phil- 
ippine Islands, to the Moluccas, whence it spreads witii 
terrific violence through the Indian Archipelago, even 
to the Bay of Bengal* Volcanic action may again be 
followed from the entrance of the Persian Gulf to Mad- 
agascar, Bourbon, the Canaries, and Azores. Thence 
a continuous igneous region extends throng^ about 1000 

feoeraphical miles to the Caspian Sea, including the 
lediterranean, and extending north and south between 
the 36th and 40th parallels ^ latitude ; and in central 
Asia a volcanic region occupies 2500 square geographical 
miles. The volcanic fires are developed in Iceland in 
tremendous force ; and the antarctic land recently dis- 
covered by Sir James Ross is an igneous formation of 
the boldest structure, from whence a volcano in bi^ 
activity risps 12,000 feet above the perpetual toe of 
these polar deserts, and within 19^° of the south pole. 
Throughout this vast .portion of the world the subterra- 
neous fire is often intensely active, i»i>ducing such vio- 
lent earthquakes and eruptions that their efifects, accu- 
mulated during millions of years, may account for many 
of the great geological changes of igneous origin that 
have already token {dace in the earth, and may occasion 
others not less remark^le, should time — that essential 
element in the vicissitudes <>f the globe — be granted, and 
their energy last. 

Mr. Lyell, who has shown the power of existing causes 
with great ingenuity, estimates that on an average twenty 
eruptions take place annually in difiEerent parts of the 
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world ; . and many must occur or have happened, even on 
the most extensive and awful scale, among people equally 
incapable of estimating their effects and of recording 
them. We should never have known the extent of the 
fearful eruption which took place in the island of Sum- 
bawa, in 1815, but for the accident of Sir Stamford Raf- 
fles having been govei*nor of Java at the time. It began 
on the 5th of April, and did not entirely cease till July. 
The ground was shaken through an area of 1000 miles 
in circunxference ; the tremors were felt in Java, the 
Moluccas, a great part of Celebes, Sumatra, and Borneo. 
The detonations were heard in Sumatra, at the distance 
of 970 geographical miles in a straight line ; and at Ter- 
nate, 720 miles in the opposite direction. The most 
dreadful whirlwinds carried men and cattle into the air ; 
and with the exception of 26 persons, the whole popu- 
lation of the island perished to the amount of 12,Q00. 
Ashes were carried 300 miles to Java, in such quantities 
that the darkness during the day was more profound 
than ever had been witnessed in the most obscure night. 
The face of the country was changed by the streams of 
lava, and hy the upheaving and sinking of the soil. The 
town of Tomboro was submerged, and water stood to 
the depth of 18 feet in places which had been dry land. 
Ships grounded where they had previously anchored, 
and others could hardly penetrate the mass of cinders 
which floated on the surface of the sea for several miles 
to the depth of two feet. A catastrophe similar to this, 
though of less magnitude, took place in the island of Bali 
in 1808, which was not heard of in Europe till years 
afterward. The eruption of Coseguina in the Bay of 
Fonseca, which began on the 19th of January, 1835, and 
lasted many days, was even more dreadful and extensive 
in its effects than that of Sumbawa. The ashes during 
this eruption were carried by the upper current of the 
atmosphere as far north as Chiassa, which is upward 
of 400 leagues to the windward of that volcano. Many 
volcanos supposed to be extinct have all at once burst 
out with inconceivable violence. Witness Vesuvius, on 
historical record ; and the volcano in the island of St. 
Vincent in our own days, whose crater was lined with 
large trees, and which had not been activp in th^ mem* 
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■ory of man. Vast tracts are of yokame origin wiiei« 
volcanos have ceased to exist for ages. Whence it may 
be inferred that in some places the subterraneous fires 
are in the hi^est state of activity, in some they are 
inert, and in others they appear to be extinct. Yet there 
are few countries that are not subject to eazthqual^es of 
greater or less intensity; the tremors are propagated 
like a sonorous undulation to such distances that it is 
impossible to say in what point they originate. In some 
recent instances their power must have been tremendous. 
In South America, so lately as 1822, an area of 100,000 
square miles, which is equal in extent to the half of 
franco, was raised several feet above its present level ; 
a most able account of which is given in the < Transac- 
tions of the Geological Society,' by an esteemed friend 
of the author, Mrs. Graham, now Mrs. Calcott, who 
was present during the whole time of that formidable 
earthquake, which recurred at short intervals for more 
than two months, and who possesses talents to appre- 
ciate, and had opportunities of observing, its effects 
under the most favorable circumstances at Valparaiso, 
and for miles along the coast where it was most intense. 
A considerable elevation of the land has again taken 
place along the coast of Chili, in consequence of the 
violent ear&quake which happened on the 20th of Feb- 
ruary, 1835. In 1819, a ridge of land stretching for 50 
miles across the delta of the Indus, 16 feet broad, was 
raised 10 feet above the plain; yet the account of this 
marvelous event was recently brought to Europe by 
Mr. Burnes. The reader is referred to Mr. Lvell's 
very excellent work on geology, already mentioned, for 
most interesting details of the phenomena and extensive 
effects of volcanos and earthquakes, too numerous to 
find a place here. It may however be mentioned, that 
innumerable earthquakes are from time to time shaking 
the solid crust of the globe, and carrying destruction to 
distant re^ons, progressive^ though slowly accomplish- 
ing the great work of change. These terrible engines 
of ruin, fitful and uncertain as they may seem, must, 
Mke all durable phenomena, have a law, which may in 
time be discovered by long-continued and accurate ob- 
Ipervations. 
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Tke shell of volcanic fire thM girds the globe ftt a 
email depth below our feet has been attribtited to differ- 
ent causes. By some it is supposed to originate in "an 
ocean of incandescent matter, still existing in the cen- 
tral abyss of the earth. Some conceive it to be super- 
ficial, and due to chemical action, in strata at no very 
great depth when compared with the size of the globe. 
The more so, as matter on a most extensive sc»le is 
passing from old into new combinations, which, if rapidly 
effected, are capable of producing the most intense heat. 
According to others, electricity, which is so universally 
diffused in all its forms throughout the earth, if not the 
immediate cause of the volcanic phenomena, at least 
determines the chemical affinities that produce them. 
It is clear that a subject so involved in mystery must 
give rise to much speculation* in which every hypothe- 
sis is attended with difficulties that . dbservation alone 
can remove. 

But the views of Mr. Babbage and Sir John Herschel 
on the general cause of volcanic action, and the changes 
in the equilibrium of the internal heat of the globe, ac- 
"Cord more with the laws of mechanics and radiant caloric 
than any that have been proposed. The theory of these 
distinguished philoso{^ers, formed independently of each 
other, is equally consistent with observed phenomena, 
whether the earth be a solid crust encompassing a nu- 
cleus of liquid lava, or that there is merely a vast reser- 
voir or stratum of melted matter at a moderate depth 
below the superficial crtist. The author is indebted to 
the kindness of Mr. Lyell for the perusal of a meet 
interesting letter from Sir John Herschel, in which he 
states his views on the subject. 

S apposing that the globe is merely a solid crust, rest- 
ing upon fluid or semi-fluid matter, whether extending 
to the center or not, the transfer of pressure from one 
part of its surface to another by the degradation of ex- 
isting continents, and the formation of new ones, would 
be sufficient to subvert the equilibrium of heat in the 
interior, and occasion volcanic eruptions. For, since 
^e internal heat of the earth is transmitted outwards 
by radiation, an accession of new matter on any part of 
the ^urfiice, like an addition of clothing, by keeping it in. 
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^mM nite the temperature of U|e strata below, and in 
the course of aiees would even reduce those at a great 
depth to a state of fusion. Some of the substances might 
be converted into gases ; and should the aocumulatioQ of 
new matter take place at the bottom of the sea, as is 
generally the case, this lava would be mixed widi water 
m a state of ignition in consequence of the enormous 
pressure of the ocean, and of the newly superimposed 
matter which would prevent it from expanding into 
steam. Now Mr. Ly ell has shown with his usual talenti 
that the quantity of matter carried down by rivers from 
the surfiuse of the contineots is comparatively trifling, 
and that the great transfer to the bottom of the ocean is 
produced at the coast line by the action of the sea ; 
hence, says Sir John Herschel, **■ the greatest accumula- 
tion of local pressure is in the central area of the deep 
sea, while the greatest local relief takes place along the 
abraded coast lines. Here then should occur the chief 
volcanic vents.' ' As the crust of the earth is much 
weaker on the coasts than elsewhere, it is more easily 
ruptured, and, as Mr. Babbage observes, immense rents 
might be produced there by its contraction in cooling 
down after being deprived of a portion of its originu 
thickness. The pressure on the bottom of the ocean 
would force a column of lava mixed with ignited water 
and gas to rise through an opening thus formed, and, 
says Sir John Herschel, ** when the column attains such 
a height that the ignited water can become steam, the 
joint specific gravity of the column is suddenly dimin- 
ished, and up comes a jet of mixed steam and lava, tiU 
so much has escaped ^at the matter deposited at the 
bottom of the ocean takes a fresh bearing, when the 
evacuation ceases and the crack becomes sealed up.'' 

This theory perfectly accords vrith the jdienomena of 
nature, since there are very few active volcanos at a dis- 
tance from the sea, and die exceptions that do occur 
are generally near hikes, or they are connected with 
volcanos on the maritime coasts. Many break out even 
in the bottom of the ocean, probably owing to some of the 
supports of the superficial crust giving way, so that the 
steam and lava are forced up through the fissures. 

Finally, Mr. Babbage observes that *^ in consequence 
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ofchanges contiQually going on, by the destruction of 
forests, the filling up of seas, the wearing down of ele- 
Tated lands, the heat radiated from the earth's suiiace 
varies considerably at different periods. In consequence 
of this variation, and also in consequence of the covering 
up of the bottom of the sea by the detritus of the land, 
the surfieu^es of equal temperature within the earth are 
continually chang^g their form, and exposing thick 
beds near the exterior to alterations of temperature. 
The expansi(m and contraction of these strata may form 
rents and veins, produce earthquakes, determine vol- 
canic eruptions, elevate continents, and possibly raise 
mountain chains." 

The numerous vents for the internal heat formed by 
volcanos, hot springs, and the emission of steam so 
frequent in volcanic regions, no doubt maintain the tran-. 
quiUity of the interior fluid mass, which seems to be 
perfectly inert unless when put in motion by unequal 
pressure. 

But to whatever cause the increasing heat of the 
earth and the subterranean fires may ultimately be 
referred, it is certain that, except in some local in- 
stances, they have no sensible effect on the temperature 
of its suiface. It may therefore be concluded that the 
heat of the earth above die zone of uniform temperature 
is entirely owing to the sun. 

The power of tide solar rays depends much upon the 
manner in which they fall, as we readily perceive from 
the different climates on our globe. The earth is about 
three millions of miles nearer to the sun in winter than 
in summer, but the rays strike the northern henu- 
sphere more obliquely in winter than in the other half 
of the year. 

The observations of the north polar navigators, and 
those of Sur John Herschel at the Cape of Good Hope, 
show that the direct heating influence of the solar rays 
is greatest at the equator, and that it diminishes gradu- 
ally as the latitude increases. At the equator the 
maximum is 4d|°, while in Europe it has never ex- 
ceeded 29i°. 

M. Pouillet has estimated with singular' ingenuity, 
from a series of observations made by himself, diat the 
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whole quantity of heat which the earth receives bbdh 
ally from the sun is siich as would be sufficient to mek 
a stratum of ice covering the whole globe 46 feet deep. 
Part of this heat is radiated back into space ; but by fair 
the greater part descends into the -earth during the 
summer, toward the zone of untibrm' temperature, 
whence it returns to the surface in the course of the 
winter, and tempers the cold of the ground and the at- 
mosphere in its passage to the ethereal regions, where 
it is lost, or rather where it combines with the radiaticNi 
from the other bodies of the universe in maintaiDing 
the temperature of space. The sun's power being 
gi-eatest between the tropics, the caloric sinks deeper 
there than elsewhere, and the depth gradually dimin- 
ishes toward the poles ; but the heat is also transmitted 
> laterally from the warmer to the colder strata north and 
south of the equator, and aids in tempering the severily 
of the polar regions. 

The mean heat of the earth above the stratum of 
constant temperature is determined from that of springs ; 
and if the spring be on elevated ground, the temperature 
is reduced by ^computation to what it would be at th« 
level of the sea, assuming that the heat of iSne soil 
varies according to the same law as the heat of the 
atmosphere, which is about 1° of Fahrenheit's ther- 
mometer for every 33^*7 feet. From a compftrison of 
the temperature of numerous springs with that of the 
air. Sir David Brewster concludes mnt there is a pu*- 
ticular line passing nearly through Berlin, at which the 
temperature of springs and that of the atmosf^ere 
coincide ; that in approaching the arctic cirole the tem- 
perature of springs is always higher than that of the air, 
while proceeding toward the equator it is lower. 

Since the warmth of the superficial strata of the earth 
decreases from the equator to the poles, there are many 
places in both hemispheres where the ground has the 
same mean temperature. If lines were drawn through 
ail those points in the upper strata of the globe which 
have the same mean annual temperature^ they would 
be nearly parallel to the equator between the tropics, 
and would become more and more irregular and sinuous 
toward the poles. These are called isogeotheiinal Hues. 
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A, variety of load cirGomstaiicafl disturb their paralleMsm 
even between the tropics. 

The temperatare of the ground at the equator 19 
lower on the coasts and islands than in the interior of 
continents ; the warmest part is in the interior of Africa, 
but it is obviously affected by the nature of the soil, es- 
pecially if it be volcanic* 

Much has beeji done within a few years to ascertain 
the manner in which heat is distributed over the sur- 
face of our planet, and the variations of climate, which 
in a general view mean every change of the atmos- 
phere, such as of temperature, humidity, variations ot 
barometric pressure, purity of air, the serenity of the 
heavens, the effects of winds, and electric tension. 
Temperature depends upon the property which all 
bodies possess more or less, of perpetusdly absorbing and 
emitting or radiating heat. When the interchange is 
equal, we temperature of a body remains the same ; 
but when the radiation exceeds the absorption, it be- 
comes colder, and vice versa. In order to determine 
the distribution of heat over the surface of the earth, it 
is necessary to find a standard by which the tempera- 
ture in different latitudes may be compared. For that 
purpose it is requisite to ascertain by experiment the 
mean temperature of the day, of the month, and of the 
year, at as many places as possible throughout the 
earth. The annual average temperature may be found 
by adding the mean temperatures of all the months in 
the year, and dividing the sura by twelve. The average 
of ten or fifteen years will give it with tolerable accu- 
racy ; for although the temperature in any place may 
be subject to very great variations, yet it never deviates 
more than a few degrees from its mean state, which 
consequently offers a good standard of comparison. 

If climate depended solely upon the heat of the sun, 
all places having the same latitude would have the same 
mean annual temperature. The motion of the sun in 
the ecliptic indeed occasions perpetual variations in the 
length of the day, and in the direction of the rays with 
regard to the earth ; yet, as the cause is periodic, the 
mean annual temperature from the sun's motion alone 
must be constant in each parallel of latitude. For it » 
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•fident that tbe accamalation of heat in the long dajrs ot 
summer, which is but little diminished by radiation 
dming the short nights, is balanced by the small quan- 
tity of heat receiT^ daring the short days in winter, 
and its radiation in the long frosty and clear nights. 
In fact, if the globe were everywhere on a level with 
liie surface of 3ie sea, and of uniform substance, so as 
to absorb and radiate heat equally, the mean heat of the 
sun would be regularly distributed over its surface In 
zones of equal annual temperature parallel to the equa- 
tor, from which it would decrease to each pole as the 
square of the cosine of the latitude ; and its quantity 
would only depend upon the altitude of the sun and 
atmospheric currents. The distribution of heat, how- 
ever, in the same parallel, is very irregular in all lati- 
tudes except between the tropics, where the isothermal 
lines, or the lines passing through places of equal mean 
annual temperature, are more nearly parallel to the 
equator. The causes of disturbance are very numerous : 
but such as have the greatest influence, according to M. 
de Humboldt, to whom we are indebted for the greater 
part of what is known on the subject, are the elevation 
of Xhe continents, the distribution of land and water 
over the surface of the globe exposing different absorb- 
ing and radiating powers ; the variations in the surface 
of the land, as forests, sandy deserts, verdant plains, 
rocks, &c. ; mountain-chains covered with masses ot 
snow, whidi diminish the temperature ; the reverbera- 
tion of the sun^s rays in the valleys, which increases it 
and the interchange of currents, both of air and water 
which mitigates tne rigor of climates ; the warm cur 
rents from the equator softening the severity of t? 
polar frosts, and the cold currents from the poles tem- 
pering thp intense heat of the equatorial regions. To 
these may be added cultivation, though iU influence 
extends over but a small portion of the globe, only a 
fourth part of the land being inhabited. 

Temperature decreases with the height above the 
level of the s4fa, as well as with the latitude. The air 
in the higher regions of the atmosphere is much cooler 
than that below, because the warm air expands as it 
rises, by which its capacity for heat is increased, a great 
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proportion becomes latent, and less of it sensible. A 
portion of air at the surface of the earth whose temper- 
ature is 70^ of Fahrenheit, if carried to the height of 
two miles and a half, would expand so much that its tem- 
perature would be reduced 50° ; and in the ethereaf 
regions the temperature is 90° below the point of con- 
gelation. 

The height at which snow lies perpetually decreases 
from the equator to the poles, and is higher in summer 
than in winter ; but it varies from many circumstances. 
Snow rarely falls when the cold is intense and the at- 
mosphere dry. Extensive forests produce moisture by 
their evaporation ; and high table-lands, on the contrary, 
dry and warm the air. In the Cordilleras of the Andes, 
plains of only twenty-five square leagues raise the tem- 
perature as much as 3° or 4° above what is found at the 
same altitude on the rapid declivity of a mountain, con- 
sequently the line of perpetual snow varies according as 
one or other of these causes prevails. Aspect in gen- 
eral has also a great influence ; yet, according to M. 
Jacquemont, the line of perpetual snow is much higher 
on the northern than on the southern side of the Hima- 
laya mountains. On the whole, it appears that the mean 
height between the tropics at which the snow lies per- 
petually is about 15,207 feet above the level of the sea; 
whereas snow does not cover the ground continually at 
the level of the ocean till near the north pole. In the 
southern hemisphere, however, the cold is greater than 
in the northern. In Sandvpich Land, between the 54th 
and 58th degrees of latitude, perpetual snow and ice ex- 
tend to the sea-beach ; and in the island of St. George's, 
in the 53rd degree of south latitude, which corresponds 
with the latitude of the central counties of England, per- 
petual snow descends even to the level of the ocean. It 
has been shown that this excess of cold in the southern 
hemisphere cannot be attributed to the winter being 
longer than ours by 7| days. It is probably owing to 
the ice being more extensive at the south than the north 
pole, and to the open sea surrounding it, which permits, 
the icebergs to descend to a lower latitude by 10° than 
they do in the northern hemisphere, on account of the' 
numerous obstructions opposed to them by the islands 


I 


d56 KrirJBCrra OF THB OGKAM. ^ Sb^. xkyl 

and continents about the north pole. Icebergs seldom 
float farther to the south than the Azores; whereas 
those that come from the south pole descend as far as 
the Cape of Good Hope, and occasion a continual ab- 
sorption of heat in melting. 

The influence of mountain-chains does not wholly 
depend upon the line of perpetual congelation. They 
attract and condense the vapors floating in the air, and 
send them down in torrents of rain. They radiate heat 
into the atmosphere at a lower elevation, and increase 
the temperature of the valleys by the reflection of the 
sun^s rays, and by the shelter they aflbrd aeainst pre^ 
vailing winds. But on the contraiy, one of the most 
general and powerful causes of cold arising from the vi- 
cinity of mountains, is the freezing currents of wind 
which rush from their lofi^ peaks along the rapid decliv- 
ities, chiUing the surrounding valleys : such is the cut- 
ting north wind called the bise in Switzerland. 

Next to elevation, the diflerence in the radiating and 
absorbing powers of the sea and land has the greatest 
influence in disturbing the regular distribution of heat. 
The extent of the dry land is not above the fourth part 
of that of the ocean ; so that the general temperature 
of the atmosphere, regarded as the result of the partial 
temperatures of the whole surface of the globe, b most 
powerfully modified by the sea. Besides, the ocean 
acts more uniformly on the atmosphere than the diver- 
sified surface of the solid mass does, both by the equaUty 
of its curvature and its homogeneity. In opaque sub- 
stances the accumulation of heat is confined to the 
stratum nearest the surface. The seas become less 
heated at their sur&ce than the land, because the solar 
rays, before being extinguished, penetrate the trans- 
parent liquid to a greater depth and in greater numbers 
than in the opaque masses. On the otiber hand, water 
has « considerable radiating power, which, together 
with evaporation, would reduce the surface of the ocean 
to a very low temperature, if the cold particles did not 
sink to the bottom on account of their superior density. 
The seas preserve a considerable portion of the heat 
they receive in summer, and from tiieir saltness do not 
freeze. so soon as fresh water. So that in consequence 


BtCT. XXVI. TEMPERATURE OF THE LAND. 267 

of all these circumstances, the ocean is not subject to 
auch variations of heat as the land ; and by imparting 
its temperature to the winces, it diminishes the rigor of 
climate on the coasts and in the islands, which are 
never subject to such exti'emes of heat and cold as are 
experienced in the interior of continents, though they 
are liable to fogs and rain from the evaporation of the 
adjacent seas. On each side of the equator to the 48th 
de'gree of latitude, the surface of the ocean is in gene- 
ral warmer than the air above it. The mean of the 
difference of the temperature at noon and midnight is 
about 1°*37, the greatest deviation never exceeding from 
0^*36 to 2°*16, which is much cooler than the air over 
the land. 

On land the temperature depends upon the nature 
of the soil and its products, its habitual moisture or dry- 
ness. From the eastern extremity of the Sahia*a 
deseit quite across Africa, the soil is almost entirely 
barren sand ; and the Sahara desert itself, without in- 
cluding Dafour or Dongola, extends over an area of 
194,000 square leagues, equal to twice the area of the 
Mediterranean Sea, and raises the temperature of the 
air by radiation from 90° to 100°, which must have a 
most extensive influence. On the contraiy, vegetation 
cools the air by evaporation and the apparent radiation 
of cold from the leaves of plants, because they absorb 
more caloric than they give out. The graminiferous 
plains of South America cover an extent ten times 
greater than France, occupying no less than about 
50,000 square leagues, which is more than the whole 
chain of the Andes, and all the scattered mountain- 
eroups of Brazil. ThesQ, together with the plains of 
North America and die steppes of Europe and Asia, 
must have an extensive cooling effect on the atmosphere 
if it be considered that in calm and serene nights they 
cause the thermometer to descend 12*^ or 14°, and that 
In the meadows and heaths in England the absorption 
of heat by the grass is sufficient to cause the tempera- 
tare to sink to the point of congelation during the night 
for ten months in the year. Forests cool the air ^so 
hy shading the ground from the rajs of the sun, and by 
evaporation frcHtl the boughs. Ha^e^ found that the 
1^ -. ' 
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leaves of a single plant of helianthus three feet high ex- 
posed nearly lorty feet of surface; and if it be con- 
sidered that the woody regions of the river Amazons, 
and the higher part of the Oroonoko, occupy an area of 
260f000 square leagues, some idea may be formed of 
the torrents of vapor which rise from the leaves of the 
forests all over the globe. However, the frigorific 
effects of their evaporation are counteracted in some 
measure by the perfect calm which reigns in the tropi- 
cal wildernesses. The innumerable rivers, lakes, pools, 
and marshes interspersed through the continents absorb 
caloric, and cool the air by evaporation ; but on account 
of the chilled and dense particles sinking to the bottom, 
deep water diminishes the cold of winter, so long as ice 
U not formed. 

In consequence of the difference in the radiating and 
absorbing powers of the sea and land, their configuration 
greatly modifies the distribution of heat over the surface 
of the globe. Under the equator only one- sixth part of 
the circumference is land ; and the superficial extent of 
land in the northern and southern hemispheres is in the 
proportion of three to one. The effect of this unequal 
division is greater in the temperate than in the torrid 
zones, for the area of land in the northern temperate 
Eone is to that in the southern as thirteen to one, where- 
as the proportion of land between the equator and each 
tropic is as five to four. It is a curious fact noticed by 
Mr. Gardner, that only one twenty-seventh part of the 
land of the globe has land diametrically opposite to it. 
This disproportionate arrangement of the solid part of 
the globe has a powerful influence, on the temperature 
of the southern hemisphere. But besides these greater 
modifications, the peninsulas, {>roraontories, and capes, 
running out into the ocean, together with bays and in- 
ternal seas, all affect temperature* To these may be 
added the position of continental masses with regard to 
the cardinal points. All these diversities of land and. 
water influence temperature by the agency of the winds. 
On this account the temperature is lower on the eastern 
coasts both of the New and Old World than on the 
western ; for considering Europe as an island, the gen- 
eral temperature is mild in proportion as the aspect is 
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open to the western ocean, the snperiicial temperature 
of which, as far north as the 45th and 60th degrees of. 
latitude, does not fall below 48° or 61° of Fahrenheit, 
even in the middle of winter. On the contraiy, the 
cold of Russia arises from its exposure to the northern 
and eastern winds. But the European part of that em- 
pire has a less rigcnrous climate than the Asiatic, because 
It does not extend to so high a latitude. 

The interposition of the atmosphere modifies all the 
effects of the sun's heat. The earth communicates its 
temperature so slowly that M. Arago has occasionally 
found as much as from 14° to 18° of difference between 
the heat of the soil and that of the air two or three 
inches above it. 

The circumstances which have been enumerated, and 
many more, concur in disturbing the regular distribntioa 
of heat over the globe, and occasion numberless local ir- 
regularities . Nevertheless the mean annual temperature 
becomes gradually lower from the equatcnr to the poles^ . 
But the diminution of mean heat is most ni{Hd between 
the 40th and 46th degrees of latitude both in £un^ 
and America, which accords perfectly with theory; 
whence it appears that the variation in the square of 
the cosine of the latitude (N. 123), which expresses the 
law of the change of temperature, is a maximum to- 
ward the 46th degree of latitude. The mean annual 
temperature under the line in America is about 814° of 
Fahrenheit : in Africa it is said to be nearly 83°. The 
difference probably arises from the winds of Siberia and 
Canada, whose chilly influence is sensibly felt in Asia 
and America, even within 18° of the equator. 

The isothermal lines are nearly parallel to the equator, 
till about the 22d degree of latitude on each side of it, 
where they begin to lose their parallelism, and continue 
to do so more and more as the latitude augments* 
^ith regard to the northern hemisphere, the isother- 
mal line of 69° of Fahrenheit passes between R<Hne and 
Florence in latitude 43° ; and near Raleigh in North 
Carolina, latitude 36° : that of 60° of equal annual tem- 
perature runs through the Netherlands, latitude 61° ; 
and near Boston in the United States, latitude 42^° : 
that of 41° passea near Stockholm, latitude 69|° ; and . 
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St. €teorge*8 Bay, Newfoundland, latitude 48^ : and 
hstlj, the line of 32^*, the freezing point of water, passes 
between Ulea in Lapland, ktttade 66°, and Table Bay 
on die coast of Labrador, latitude 54°. 

Thus it appears that the isotiiermal lines, which are 
neaiiy parallel to the equator for about 22°, afterwnrd 
deviate more and more. From the observations of Sir 
Charles Giesecke in Greenland, of Captain Scoresby in 
the Arctic Seas, and also from those of Sir Edward 
Parry and Sir John Franklin, it is found that the iso- 
thermal lines of Europe and America entirely separate 
in the high latitudes, and surround two poles of max- 
nnum cofi, one in America and the other in tiie north 
of Asia, neither of which coincides with the pole of the 
•ailii's rotation. These poles are both situate In about 
the 80tfa parallel of nortli latitude. The transadantic 
pole is in the 100th degree of west longitude, about 
6° to the north of Sir Graham Moore*s Bay, in the 
Polar Seas ; and the Astatic pole is in the 95th degree 
of east longitude, a little to tiie north of the Bay of Tai- 
mura, near the North-east Cape. According to the 
estimation of Sir David Brewster, from the observations 
of M. de Humboldt and Captains Parry and Scoresby, 
tiie mean annual temperature of the Asiatic pole is 
nearly 1° of Fahrenheit's thermometer, and that of the 
transatlantic pole about 3p below zero, whereas he sup- 
poses the mean annual temperature of the pole of rota< 
tion to be 4° or 6°. It is believed that two correspond- 
ing poles of maximum cold exist in the southern hemis- 
phere, though observations are wanting to trace the 
course of the southern isothermal lines with the same 
accuracy as the northern. 

The isothermal lines, or such as pass through places 
where the mean annual temperature of the air is the 
same, do not always coincide with the isogeothermal 
linea, which are tiiose passing through places where the 
mean temperature of the ground is the same. Sir 
David Brewster, in discussing tlus subject, finds that 
the isogeothermal lines are always parallel to the iso- 
thermal lines ; consequently the same general formula 
will serve to determine both, since the difference is. a 
constant quantity obtained by observation, and depend- 
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ing upon the dUtaoce of the place from the neutral iso* 
thermal line. These results are confirmed by the ob» 
servationa of M* Kupifer of Kasan during his excursions 
to the north, which show that the European and th« 
American portions of the isogeodiermal Une of 32° of 
t^ahrenheit actually separate, and gp round the two 
!>oles of jnaxiraum cold. This traveler remarked, also, 
that the temperature both of the air and of the sc^ de> 
creases most rapidly toward the 45th degree of latitude. 

It is evident diat places may have the same mean an- 
nual temperature, and yet differ materially in climate. 
In one, the winters may be mild, and the summers cool ; 
whereas another may experience the extremes of heat 
and cold. Lines passing through places having the 
same mean summer or winter temperature, are neithw 
parallel to the isothermal, the geothermal lines, nor to one 
another, and -they differ still more from the parallels of 
latitude. In Europe, the latitude of two places which 
have the same annual heat never differs more than 8° or 
9° ; whereas the difference in the latitude of those having 
the same mean winter temperature is sometimes as 
much as 18° or 19°. At Kasan in the ii^terior of Rus- 
sia, in latitude 55° '4 8, nearly the same with that of 
Edinburgh, the mean annual temperature is about 37°*6 ; 
at Edinburgh it is 47^*84. At Kasan, the mean sum- 
mer temperature is 64°* 84, and that of winter 2^*12; 
whereas at Edinburgh the mean summer temperatore 
is 58°-28, and that of winter 38'**66. Whence it ap- 
pears that the difference of winter temperature is much 
greater than that of summer. At Quebec, the sum- 
mers are as warm as those in Paris, and grapes some- 
times ripen in the open air : whereas the winters are 
as severe as in Petersburgh; the snow lies five feet 
deep for several months, wheel carriages cannot be used, 
the ice is too hcprd for skating, traveling is performed in 
sledges, and frequently on the ice of the river St. Law- 
rence. The cold at Melville Island on the 15th of Jan- 
uary, 1820, according to Sir Edward Parry, was 55® 
below the zero of Fahrenheit's thermometer, only 3° 
above the temperature of the ethereal regions, yet the 
summer beat in these high latitudes is insupportable. 

. Observations tend to prove that all the climates of th» 
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earth sre stable, aad l^at their Ticbsitodes are oa^ 
periods or oseiUatioBs of more or less extent^ which van- 
ish in the i&ean annual temperature of a sufficient num- 
ber of years. Thi» constancy of the mean annual temper* 
ature of the different places on the surface of the globe 
ahowa that the same quantity of heat, which is annuallf 
received by tiie earth, is anuually radiated into space 
Nevertheless a veriely of causes may disturb the climatff 
of a i^ace ; cultivation may make it warmer ; but it i^ 
at the expense of some other place, which become* 
colder in the same proportion. There may be a suc- 
cession of cold summers and mild winters, bat in some 
other country the contrary takes place to effect the 
eompensation ; wind, rain, snow, fog, and the other me- 
teoric phenomena, are the ministers employed to accom- 
l^ish the changes. The distribution of heat may vavy 
with a variety of circumstances ; but the absolute quan- 
tity lost and gained by the whole earth in the course ot 
a year is invariably the same. 


Section XXVII. 


IttflOBPoe of T«m|wrttaz« <m V«g«tatioa— Vegreteti«B variM wt& Uie Lab 
[ tude and Hoight above the Sea— Geogntphical Diftribution of Land 

Plants^Digtribntion tif Marine Flant»— Coraliinea, Slidl-fiah, Rei>tilet, 
Intai^ Birds, and Qnadnipeda— Yarietiea of ManJand, yet Idaatity o* 
Speciea. 

The gradual decrease of temperature in the air and in 
I ' the earm, irom the equator to ^e polea, is clearly indi- 

f cated by its influence on vegetation* In the valleys of 

j the tonid zone, where the mean annual temperature is 

\ very high, and where there is abundance of light ana 

moisture, nature adorns the soil with aU the luxuriance 
of perpetual summer. The palm, the bombax ceiba, 
' and a variety of magn^ent trees, tower to the height 

of 150 or 200 feet above the banana, the bamboo, the 
arborescent lern, and numberless other tropical produc- 
tions, so interlaced by creeping and parasitHcal plants as 
often to present an impenetrable barrier. But the 
richness ef vegetation gradually diminishes with the tem* 
perature* the splendor ofthe tropical forest is succeeded 
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by the regions of the olive and vine ; these again yield 
lo the veidant meadows of more temperate climes ; then 
follow the birch and the pine, which probably owe their 
existence in veiy high latitudes more to the warmth of 
the soil than to that of the air. But even these enduring 
plants become dwarfish stimted shrubs, till a verdant 
carpet of oaosaes and lichens, enameled with flowers, 
exhibits the last sign of vegetable life during the short 
but fervent summers at the polar regions. Such is the 
effect of cold and diminished light on the vegetable king- 
dom, that the number of species growing under the 
line, and in the northern latitudes of 45° and 68°, are in 
the fMToportion of the numbers 12, 4, and 1. Notwith- 
standing the remarkable difference between a tropical 
and polar Ftoi-a, light and moisture seem to be almost the 
only, requisites for vegetation, since neither heat, cold, 
nor even comparative darkness, absolutely destroy the 
fertility of nature. In salt plains and sandy deserts 
alone, hopeless barrenness prevails. Plants grow on the 
borders of hot springs — ^theyform the oasis wherever 
moisture exists, among the burning sands of Africa — 
they are found in caverns almost void of light, though 
generally blanched and feeble. The ocean teems with 
vegetation. The snow itself not only produces a red 
alga, discovered by Sanssure in the frozen declivities of 
tiie Alps, found in abundance by the author crossing 
the Col de Bonhomme from Savoy to Piedmont, and by 
the polar navigators in the Arctic regions, but it affords 
shelter to the productions of those inhospitable climes 
against the piercing winds that sweep over fields of ever- 
wting ice. Those interesting mariners narrate, that 
onder this cold defence plants spring up, dissolve the 
snow a few inches round, and the part above being 
again quickly frozen into a transparent sheet of ice, ad- 
mits the sun's rays, which warm and cherish the plants 
in this natural hot-house, till the returning summer ren- 
ders such protection unnecessary. 

The chemical action of light is, however, absolutely 
requisite for the growth of plants which derive their 
principal nourishment from the atmosphere. They con- 
sume carbonic acid gas, vapor, nitrogen, and the ammo- 
nia it contains ; but it is the chemical agency of light 
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that enables them to absorb, decompose, and consolidate 
these substances into wood, leaves, flowers, uid fruit. 
The atmosphere would soon be deprived of these ele- 
ments of vegetable life, were they not perpetually sup- 
plied bj the animal creation ; while in returut plants 
decompose the moisture they imbibe, and having assim- 
ilated the carbonic acid gas, they exhale oxygen fcnr the 
maintenance of the animated creation, and thus preserve 
a just equilibrium. Hence it is the powerful and com- 
bined influences of the whole solar beams that give such 
brilliancy to the tropical forests, while with uieir de- 
creasing energy in tihe higher latitudes, vegetation be- 
comes less and less vigorous. 

By far the greater part of the hundred and ten thou- 
sand known species ofplants are indigenous in Equinoctial 
America. Europe contains about hcdf the number ; Asia 
with its islands, somewhat less than Europe; New 
Holland with the islands in the Pacific, still less ; and in 
Afiica there are fewer vegetable productions than in 
any part of the globe of equal extent. Very few social 
plants, such as grasses and heaths, that cover large 
tracts of land, are to be found between the tropics, ex- 
cept on the sea-coasts and elevated plains : some excep- 
tions to this, however, are to be met with in the jungles 
of the Deccan, Khandish, &;c. In the equatorial regions, 
where the heat is always great, the distribution ofplants 
depends upon the mean annual temperature ; whereas 
in temperate zones the distribution is regulated in some 
degree by the sunmier heat. Some plants require a 
gentle warmth of long continuance, others flourish most 
where the extremes of heat and cold are greater. The 
range of wheat is very great : it may be cultivated as fin: 
north as the 60th degree of latitude, but in the torrid 
zone it will seldom form an ear below an elevation of 
4500 feet above the level of the sea, from exuberance of 
vegetation ; nor will it ripen above the height of 10,800 
feet, though much depends upon local circumstances. 
Colonel Sykes states that in the Deccan wheat thrives 
1800 feet above the level of the sea. The best wines 
are produced between the 30th and 45th degrees of 
north latitude. With regard to the vegetable kingdom, 
elevation is equivalent to latitude, as far as temperature 
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is concerned. In ascending the mountains of the torrid 
zone, the richness of the tropical vegetation diminishes 
with the height ; a succession of plants similar to, though 
not identical with, those found in latitudes of corre- 
sponding mean temperature takes place ; the lofty for- 
ests by degrees lose their splendor, stunted shrubs suc- 
ceed, till at last the progress of the lichen is checked by 
eternal snow. On the volcano of Teneriffe there are 
five successive zones, each producing a distinct race of 
plants. The first is the region of vines, the next that 
of laurels ; these are followed by the districts of pines, 
of mountain broom, and of grass ; the whole covering the 
declivity of the peak through an extent of 11,200 feet of 
per|)endicular height. 

Near the equator, the oak flouHshes at the height of 
9200 feet above the level of the sea, and on the lofty 
range of the Himalaya, the primula, the convaUaria, and 
the veronica blossom, but not the priiArose, the lily of 
the valley, or the veronica which adorn our meadows : 
for although the herbarium collected by Mr. Moorcroft, 
on his route from Neetee to Daba and Garlope in Chi- 
nese Tartary, at elevations as high or even higher than 
Mont Blanc, abounds in Alpine and European genera, 
the species are universally different, with the singio 
exception of the rhodiola rosea, which is identical with 
the species that blooms in Scotland. It is not in this 
instance alone that similarity of climate obtains without 
identity of productions ; throughout the whole globe, a 
cettain analogy both of structure and appearance is fre- 
quently discovered between plants under corresponding 
circumstances, which are yet specifically different, fi 
is even said that a distance of 25° of latitude occasions a 
total change, not only of vegetable productions, but of 
organized beings. Certain it is, that each separate re- 
gion both of land and water, from the frozen shores of 
the polar circles to the burning regions of the torrid 
zona, possesses a Flora of species peculiarly its own. 
The whole globe has .been divided by botanic^ geogra- 
phers into twenty-seven botanical districts dmering al- 
most entirely in their specific vegetable productions ; the 
limits of which are most decided when they are sepa- 
rated by a wide expanse of ocean, mountain-chains. 
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sand; deserta, salt plains, or internal seas. A caniider- 
■bte number of plants are common to the oorl^em re- 
gions of Asia, Europe, and AmericH, where the condnenta 
almost uoite ; but in approaching the louth, the Flora* 
of these three great tuviaiooa of the globs differ more 
and more even in the same parallels of latitude, which 
shows that temperaEnre alone is not the cause of die al' 
most complete diTersit; of species diet eTer}>where pre- 
raUs. The Floras of China, Siberia, Tarlaty, of the 
Europnan district iocludiag Central Europe, and the 
coast of the Mediterranean, and the Oriental region, 
comprising the countries round the Black and Caspian 
Seas, all differ in specilic character. Only twentj-four 
species were found by MM. Bonpland and Hiunboldtio 
Equinoctial America identical with those of the old 
world ; and Mr. Brown not only found that a peculiar 
vegetation exists in New Holland, between the 33d and 
35th parallels of south latitude, but that, at the eastera 
and western eitremitjes of these parallels, not one spe- 
cies is common to both, and that certain genera also are 
almost entirely conSned lo these spots. The number of 
■pecies common to Australia and Europe are only 166 
out of 4100, and proljably some of these have been con- 
veyed thither by the colonists. This proportion exceeds 
what is observed in Southern Atrica, and from what baa 
been already slated, the proportion of European species 
in Equinoctial America is stUl less. 

Islands partake of the vegetation of the nearest con- 
tinents, bnC when very remote from land their Floras 
itre altogether peculiar. The Aleutian Islands, extend- 
ing between Asia and America, partake of the vegeta- 
tion of the northern parts of both these continents, and 
may have served as a channel of communication. In 
Madeira and Teneriffe, the plants of Portngal, Spain, 
the Azores, and of the north coast of Africa are found ; 
and the Canaries contain a great number of plants be- 
longing to the Afncan coast. But each of these islands 
possesses a Flora that exists nowhere else ; and St. 
Helena, standing alone in the midst of the Atlantic 
Ocean, out of sixty-one indigenous species, prodncea 
only two or three recognized as belonging to any other 
part of the world. 


tECT. xxvn. DiErrRiBunoN of marine flamtb. iter 

It appears from the investagatioiis of M. de Humboldt^ 
that between the tropics the monocotyledonoas plants, 
tuch as grasses and pahns which have only one seed- 
lobe, are to the dicotyledonous tribe, which have two 
seed-lobes like most of the European species, in the 
piroportion of one to four ; in the tempeifate zones they 
are as one to »ix; and in the Arctic re^ons, where 
mosses and lichens which form the lowest order of the 
vegetable creation abound, the proportion is as one to 
two. The annual monocotyledonous and dicotyledonous 
plants in the temperate zones amount to one-sixth, of 
the whole, omitting the Cryptogamia (N. 214) ; in the 
torrid zone they scarcely form one-twentieth, and in 
Lapland one-thirtieth part. In approaching the equa- 
tor, the ligneous exceed the number of herbaceous 
plants, in America there are a hundred and twenty 
different species of forest trees, whereas in the same 
latitudes in Europe only thirty-four are to be found. 

Similar laws appear to regulate the distribution of 
marine plants. M. Lamouroux has discovered that the 
groups oi algae, or marine plants, affect particular tem-^ 
peratures or zones of latitude, thou^ some few genera 
prevail throughout the ocean. The polar Atlantic basin, 
to the 40th degree of north latitude, presents ia well-de-^ 
fined vegetation. The West Indian seas, including the 
Gulf of Mexico, the eastern coast of South America, the 
Indian Ocean and its gulfs, the shores of New Holland, 
and the neighboring islands, have each their distinct 
species. The Mediterranean possesses a vegetation 
peculiar to itself, extending to the Black Sea ; and the 
species of marine plants on the coast of Syria and in 
the port of Alexandria differ almost entirely from those 
of Suez and the Red Sea, notwithstanding the proxim- 
ity of their geographical situation. It is observed that 
shallow seas have a different set of plants from such as 
are deeper and colder ; and, like terrestrial vegetation, 
the algae are most numerous toward the equator, where 
the quantity must be prodigious, if we may judge from 
the gulf-weed, which certainly has its origin in the 
tropical seas, and is drifted, though not by the gulf- 
atream, to higher latitudes, where it accumulates in such 
quantities, that the early Portuguese navigators, Colnm- 
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bos and Lerius, compared the sea to extensively inun- 
dated meadowSf in which it actuaUy impeded their ships 
and alarmed their sailors. M. de Humboldt, in his 
Personal Narrative, mentions that the most extensive 
bank of sea-weed is in the northern Atlantic, a little 
west of the meridian of Fayal, one of the Azores, be-> 
tween the 25th and 36th degrees of latitude. Vessels 
returning to Europe from Monte Video, or from the 
Cape of Good Hope, cross this bank nearly at an equal 
distance from the AntiUes and Canary Islands. The 
other bank occupies a smaller space, between the 22d 
and 26th degrees of north latitude, about eighty leagues 
west of the meridian of the Bahama Islands, and is gen* 
erally traversed by vessels on their passage from the 
Caicos to the Bermuda Islands. These masses consist 
chiefly of one or two species of Sargassum, the most ex- 
tensive genus of the order Fucoideae. 

Some of the sea-weeds grow to the enormous length 
of several hundred feet, and all are highly colored, 
though many of them must grow in the deep caverns of 
the oceau, in total or almost total darkness ; light how- 
ever may not be the only principle on which the color of 
vegetables depends, since M. de Humboldt met with 
green plants growing in complete darkness at the bottom 
of one of the mines at Freyberg. 

It appears that in the dark and tranquil caves of the 
ocean, on the shores alternately covered and deserted by 
the restless waves, on the lofty mountain and extended 
plain, in the chilly regions of the north and in the genial 
warmth of the south, specific diversity is a general law 
of the vegetable kingdom, which cannot be accounted for 
by diversity of climate : and yet the similarity, though 
not identity, of species is such, under the same isother- 
mal lines, that if the number of species belonging to one 
of the great families of plants be known in any part of 
the globe, the whole number of the phanerogamous or 
more perfect plants, and also the number of species com- 
posing the oUier vegetable families, may be estimated 
with considerable accuracy. 

Various opinions have been formed on the original or 
primitive distribution of plants over the surface of the 
globe ; but since botanical geography became a regular 
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science, the pheiiomena observed have led to the con- 
clasioo that vegetable creation must have taken place in 
a number of distinctly different centers, each of which 
was the original seat of a certain number of peculiar 
species, which at first grew there and nowhere else. 
Heaths are exclusively confined to the Old World, and 
no indigenous rose-tree has ever been discovered in the 
New; the whole southern hemisphere being destitute 
of that beautiful and fragrant plant. But this is still 
more confirmed by multitudes of particular plants hav- 
ing an entirely local and insulated existence, growing 
spontaneously in some particular spot and in no other 
place ; for example, the cedar of Lebanon, which grows 
indigenously on that mountain, and in no other part of 
the world. On the other hand, as there can be no doubt 
I but that many races of plants have been extinguished, 

I Sir John Herschel thinks it possible that these solitary 

instances may be the last surviving j'emnants of the 
I same groups universally disseminated, but in course of 

extinction ; or that perhaps two processes may be going 
on at the same time ; ** some groups may be spreading 
from their foci, others retreating to their last strong- 
holds." 

The same laws obtain in the distribution of the ani- 
mal creation. The zoophyte {N. 215), occupying the 
lowest place in animated nature, is widely scattered 
through the seas of the torrid zone, each species being 
confined to the dbtrict best fitted to its existence. 
SheU-fish decrease in size and beauty with their dis- 
tance from the equator ; and as far as is known, each 
sea has its own kind, and every basin of the ocean is in- 
habited by its peculiar tribe of fish. Indeed MM. PeroD^ 
and Le Sueur assert, that among the many thousands 
of marine animals which they had examined, there is 
not a single animal of the southern regions which is not 
distinguishable by essential characters from the analo- 
gous species in the northern seas. Keptiles are not 
exempt from iAie general law. The saurian (N. 216^ 
tribes of the four quarters of the globe differ in species ; 
, and althoQ^ warm countries abound in venomous 

[ snakes, they are specificallvdifiTerent, and decrease both 

in oombers and in the Timfence of their poison with do- 

7f> 
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creMe of tmmpentnre. The diqpenion of inMcto a** 
enmnfy Mows tiiat of the vegetables which sapp^ 
them with fi>od ; and in general it is obseired, that each 
4iod of plant is peopled fay its peculiar inhabitaiite. 
Each species of bird has its partiOTlar haunt, notwith- 
standing die looomotiTe poweis oi the winged tribes. 
The emn is confined to Aostzalia, the oimdor never 
leaves the Andes, nor the great eagle the Alps; and 
altfaoQ^ some biids are common to eveiy country, they 
are few in number. Quadrupeds are distributed in the 
same manner wherevm* man has not interfered. Such 
as are indigenous in one continent are not the same with 
their congeners in another ; and with the exception of 
some kinds of bats, no warm-Uooded animal is indigenous 
in the Polynesian Archipelago, nor in any of the islands* 
on the boideri of the central part of the Pacific 

In reviewing the infinite variety of organised bein^i 
that people the sur&ce of the globe, nothing is nrare re- 
markaUe than the distinctions which characterise the 
dififerent tribes of mankind, from the ebony skin of the 
torrid zone to the &ir and ruddy complexion of Scandi- 
navia — a difference which existed in the earliest recorded 
times, since the African is represented in the Sacred 
Writings to have been as black as he is at the present 
di^, and the most ancient Egyptian paintingB confirm 
that truth; yet it appears from a comparison of die 
principal circumstances relating to the animal economy 
or phTsical character of the various tribes of mankind, 
that me different races are identical in species. Many 
attempts have been made to trace the various tribes 
back to a common origin, by collating the numerous 
IVUgaBgeu which are or have been spoken. Some 
claMes of these have few or no words in common, yet 
exhibit a remarkable anak)gy in the laws of their gram- 
matical construction. The languages spoken by the 
native American nations afford examples of these; in- 
deed the refinement in the grammatical construction of 
the tongues of the American savages leads to the belief^ 
that they must originally have been spoken by a much 
more civilized class of mankind. Some tongues have 
little or DO resemblance in structure, though they cor- 
'espond extensively in their vooabulariesi as th& Syrian 
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dialects. In all of these cases it may be inferred, that 
the nations speaking the languages in question are de- 
scended from the same stock ; but the probability of a 
common origin is much greater in the Indo-European 
nations, whose languages, such as the Sanscrit, Greek, 
Latin, German, &c., have an affinity both in structure 
and correspondence of vocables. In many tongues not 
the smallest resemblance can be traced ; ^ngth of time, 
however, may have obliterated original identity. The 
conclusion drawn from the whole investigation is, that 
although the distribution of organized beings does not 
follow the direction of the isothermal lines, temperature 
has a very great influence on their physical development. 
The heat of the air is so intimately connected with its 
electrical condition, that electiicity must also affect the 
distribution of plants and animals over the face of the 
earth, the more so as it seems to have a great share in 
the functions of animal and vegetable life. It is the sole 
cause of many atmospheric and terrestrial phenomena, 
and performs an important part in the economy of nature. 


Section XXVIII. 


Of ordinary Electriatj, generally called Electricity of Tension— Methods 
of exdting Bodies— Transference— Electrics and Non-Electrics— Law of 
ita iBtansily—Diatribation— Tension— Electric Heat and Light— Atraoe- 

fheric Electricity— Its Caose- Electric Clouds— Back Stroke— Violent 
iffects of Lightning — Its Velocity— Phosphorescence — Phosphorescent 
Aetion of Sohur Speetram — Aurora. 

Electricitt is one of those imponderable agents 
pervading the earth and all substances, without affecting 
their volume or temperature, or even giving any visible . 
sign of its existence when in a latent state ; but when 
elioited developing forces capable of producing the most, 
sudden, violent, and destructive effects in some cases^ 
while in others their action, though less energetic, is of 
indefinite and uninterrupted continuance. These modi- 
fications of the electric force, incidentally depending 
upon the manner in which it is excited, present phe- ' 
nomena of great diversity, but yet so connected as to 
justify the conclusion that they ori^ate in a common 
principle. 
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Electricity tnay be called into activily by mechanica 
power, by chemical actioo, by heat, and by magnetic 
mfluence. We are totally ignorant why it is roused 
Orom its neutral state by such means, or of the manner 
of its existence in bodies, whether it be a material agent 
vibrations of ether, or merely a property of matter. 
Various circumstances render it more than probable 
that, like light Aid heat, it is a modification or vibration 
of that subtile ethereal medium which in a highly elas- 
tic state pervades all space, and which is capable of 
moving with various degrees of facility through the pores 
even of the densest substances. As experience shows 
that bodies in one electric state attract, and in another 
repel each other, the hypothesis of two fluids has been 
adopted by many philosophers ; but probably the mutual 
attraction and repulsion of bodies aiise from the redun- 
dancy and defect of their electricities, though all the 
electrical phenomena can be explained on either hy- 
pothesis. Bodies having a redundancy of the electric 
fluid are said to be positively electric, and those in defect 
negatively. As each kind of electricity has its peculiar 
properties, the science may be divided into four branch- 
es, of which the following notice is intended to convey 
gome idea. 

Substances in a neutral state neither attract nor 
repel. There is a numerous class called electrics, 
in which the electric equilibrium is destroyed by fric- 
tion ; then the positive and negative electricities are 
caUed into action or separated; the positive is im- 
pelled in one direction, and the negative in another; 
or morOv correctly, the electricity is impelled in one di- 
rection at the expense of the other where there is a de- 
ficiency of it. Electricitios of the same kind repel, 
whereas those of different kinds attract each other. 
The attractive power is exactly equal to the repulsive 
power^at equal distances, and when not opposed, they 
coalesce with great rapidity and violence; producing 
the electric flash, explosion, and shock: then equili- 
brium is restored, and the electricity remains latent tiU 
again called forth by a new exciting cause. One kind 
of electricity cannot be evolved without the evolution of 
an equal quantity of the oppo«iter kind. Thus when a 
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glass rod is rubbed with a piece of silk, as muca positive 
electricity is elicited ia the glass as there is negative in 
the silk ; or in other words there is a redundancy in the 
glass and a proportional deficiency in the silk. The 
kind of electricity depends more upon the mechanical 
condition than on the nature of the surface : for when 
two plates of glass, one polished and the other rough, 
are rubbed against each other, the pohshed surface ac- 
quires positive and the rough negative electricity ; that 
is, the one gains and the other ioses. The manner iu 
which friction is performed also alters the kind of elec- 
tricity. Equal lengths of black and white riband ap- 
plied longitudinally to one another, and drawn between 
the finger and thumb, so as to rub their surfaces to- 
gether, become electric. When separated, the white 
riband is found to have acquired positive electricity, and 
the black has lost it, or become negative: but if the 
whole length of the black riband be drawn across the 
breadth of the white, the black will be positively and 
the white negatively electric when separate. Elec- 
tricity may be transferred from one body to another in 
the same manner as. heat is communicated, and like it 
too, the body loses by the transmission. Although no 
substance is altogether impervious to the electric fluid, 
nor is there any that does not oppose some resistance 
to its passage, yet it moves with much more facility 
through a certain class of substances called conductors, 
such as metals, water, the human body, &c., than 
through atmospheric air, glass, silk, &c., which are 
therefore called non-conductors. The conducting power 
is affected both by temperature and moisture. 

Bodies surrounded with non-conductors are said to be 
insulated, because, when charged, the electricity cannot 
escape. ' When that is not the case, the electricity is 
conveyed to the earth, which is formed of conducting 
matter ; consequently it is impossible to accumulate 
electricity in a conducting substance that is not insu* 
lated. There are a great many substances called non> 
electrics, in which electricity is not sensibly developed 
by friction, unless they be insulated, probably because it 
is carried off by their conducting power as soon as 
elicited. MetaJs, for example, which are said to b4i 
18 
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non-electrics, can be excited, but being conductors, they 
cannot retain this state if in communication with the 
earth. It is probable that no bodies exist which are 
either perfect non-electrics or perfect non-conductors. 
But it is evident that electrics must be non-conductors 
to a certain degree, otherwise they could not retain 
their electric state. 

It has been supposed that an insulated body remains 
at rest, because the tension of the electricity, or its pres- 
sure on the air which restrains it, is equal on all sides ; 
but when a body in a similar state, and charged with 
the same kind of electricity, approaches it, that the mu- 
tual repulsion of the particles of the electric fluid di- 
minishes the pressure of the fluid on the air on the 
adjacent sides of the two bodies, and increases it on 
their remote ends ; consequently that equilibrium will 
be destroyed, and the bodies, yielding to the action of 
the preponderating force, will recede from or repel 
each other. When, on the contrary, they are charged 
with opposite electricities, it is alleged that the pressure 
upon iJie air on the adjacent sides will be increased by 
the mutual attraction of the particles of the electric 
fluid, and that on the further sides diminished; con- 
sequently, that the force will urge the bodies toward 
one anodier, the motion in both cases corresponding to 
the forces producing it. An attempt has thus been 
made to attribute electrical attractions and repulsions to 
the mechanical pressure of the atmosphere. It is more 
than doubtful, however, whether these phenomena can 
be referred to that cause ; but certain it is, that what- 
ever the nature of these forces may be, they are not 
impeded in thebr action by the intervention of any sub- 
stance whatever, provided it be not itself in an electric 
state. 

A body charged with electricity, although perfectly 
insulated, so that all escape of electricity is precluded, 
tends to produce an electric state of the opposite kind 
in all bodies in its vicinity. Positive electricity tends 
to produce negative electricity in a body near to it, and 
vice versd, the effect being greater as the distance cQ- 
minishes. This power which electricity possesses, of 
causing an opposite electrical state in its vicinity, is called 
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iiidaotion. When a body in eitb^r electric state is pre- 
tented to a neutral one^ its tendency^ in cimseqaeoce of 
the' law of induction, is to disturb the electrical condi- 
tion of the neutral body. The electrified body induces 
electricity contrary to its own in the adjacent part of 
the neutral one, and therefore an electrical state similai* 
to its own in the remote part. Hence the neutrality of 
the second body is destroyed by the act3on of the first, 
and the adjacent parts of the two, having now opposite 
electricities, will attract each other. The attraction be- 
tween electrified and unelectrified substances is, there- 
fore, merely a consequence of their altered state, re- 
sulting directly from the law of induction, and not an 
origiiuil law. The effects of induction depend upon the 
fiacility with which the equilibrium of the neutcal state 
of a body can be overcome— « facility which is proper 
tional to the conducting power of the body. Conse- 
quently the attraction exerted by an electrified substance 
upon another substance previously neutral, will be mudi 
more energetic if the latter be a conductor than if it be 
a non-conductor. 

The law of electrical attavction and repulsion has 
been determined by suspending a needle of gum-lac 
horizontally by a silk fibre, the needle carrying at one 
end a piece of electrified gold-leaf. A globe in the same, 
or in the opposite electrical state, when presented to 
the gold leaf, will repel or attract it, and will therefore 
cause the needle to vil^te more or less rapidly accord- 
ing to the distance of the globe. A comparison of the 
number of oscillations performed in a given time at dif- 
ferent distances, will determine the law of the variati<m 
of the electrical intensity* in the same manner that the 
force of gravitation is measured by the oscillations of 
the pendiUum. Coulomb invented an instrument which 
balances the forces in question by the force of the tor- 
sion of a thread, which consequently measures their 
intensity ; and Mr. Snow Harris has recently construct- 
ed an instrument with which he has measured the 
intensity of the electrical force in terms of the weight 
requisite to balance it. By these methods it has been 
found that the intensity of the electrical attraction and 
repulsion varies inversely as the squares of the distances. 
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However, the law ef the repulsive force is liable to great 
disturbance from ioductive actioo, which Mr. Snow Har- 
ris has found to exist not only between a charged and 
neutral body, but also between bodies similarly charged, 
and that in the latter case the inductive process may be 
indefinitely modified by the various drcumstances of the 
quantity and intensity of the electricity, and the distance 
between the charged bodies. Since electricity can only 
be in equihbrio from the mutual repulsion of its par- 
ticles, which according to these experiments varies in- 
versely as the square of the distances, its distribution in 
different bodies depends upon the laws of mechamcs, 
and therefore becomes a subject of analysis and calcula- 
tion. Although the distribution of the electric fluid has 
employed the eminent analytical talents of M. Poisson 
and Mr. Ivory, and though many of their computed 
phenomena have been confirmed by observation, yet 
recent experiments show that the subject is still involved 
in much difi[iculty. Electricity is entirely confined to 
the surface of bodies ; or if it does penetrate their sub- 
stance, the depth is inappreciable ; so that the quantity 
bodies are capable of receiving does not follow the pro- 
portion of their bulk, but depends principally upon the 
form and extent of surfisice over which it is spread : thus 
the exterior may be positively or negatively electric, 
while' the interior is in a state of perfect neutrality. 

It appears from the experiments of Mr.Snow Harris, 
that a given quantity of electricity divided between two 
perfectly equal and similar bodies, exerts upon external 
bodies only one-fourth of the attractive force apparent 
when disposed upon one of them ; and if it be distrib-^ 
uted among three equal and similar bodies, the force is 
one-ninth of that apparent when it is disposed on one of 
them. Hence if the quantity of electricity be the same, 
the force varies inversely as the square of the surface 
over which it is disposed ; and if the surface be the same, 
the force varies directly as the square of the quantity 
of the electric fluid. These laws however do not bold 
when the form of the surface is changed. A given 
quantity of electricity disposed on a given surface hnH the 
greatest intensity when the surface has a circular torm, 
and the least intensity when the surface is exfandod 
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into an indefiDite right line. The decrease of intensity 
seems to arise from some peculiar arrangement of the 
electricity depending on the extension of the surface, 
and has been considered by Volta to consist in the re- 
moval of the electrical particles ferther without the 
sphere of each other's influence. It is quite independ- 
ent of the extent of the edge, the area being the same ; 
for Mr. Snow Harris found that the electrical intensity 
of a charged sphere is the same with that of a plane 
circular area of the same superficial extent, and that of 
a charged cylinder the same as if it were cut open and 
expanded into a fdane surface. 

The same able electrician has shown that the attract- 
ive force between an electrified and a neutral uninsulated 
body is the same, whatever be the forms of their unop- 
posed parts. Thus two hemispheres attract each other 
with precisely the same force as if they were spheres ; 
and as the force is as the number of attracting points in 
operation directly, and as the squares of the respective 
distances inversely, it follows that the attraction between 
a mere ring and a circular area is no greater than that 
between two similar rings, and the force between a 
sphere and an opposed spherical segment of the same 
curvature is no greater than that of two similar segments, 
each equal to the given segment. 

Electricity may be accumulated to a great extent in 
insulated bodies ; and so long as it is quiescent, it occa- 
sions no sensible change in their properties, though it is 
spread over their suHaces in indefinitely thin layers. 
When restrained by the non-conducting power of the 
atmosphere, the tension or pressure exerted by the elec- 
tric fluid against the air which opposes its escape, is in 
the ratio compounded of the repulsive force of its own 
particles at the surface of the stratum of the fluid, and 
of the thickness of that stratum. But as one of these 
elements is always proportional to the other, the total 
pressure on every point must be proportional to the 
squares of the thickUess. If this pressure be less than 
the coercive force of the air, the electricity is retained ; 
but the instant it exceeds that force in any one point, 
tiie electricity escapes, which it will do when the air is 
attenuated, or becomes saturated with moisture. It ap» 
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pears that the resistance of the air to the passage of the 
electric fluid is proportional to the sqaare of its density, 
but that the action of electricity on distant bodies by in- 
duction is quite independent of atmospheric pressm«, 
and is the same in vacuo as in air. 

The power of retaining electricity depends also upon 
the shape of the body. It is most easily retained by a 
sphere, next to that by a sphermd, but it readily escapee 
from a point; and a pointed object receives it with 
most facility. It appears from analysis, that electricity, 
when in equilibrio, spreads itself in a thin stratum over 
the surface of a sphere, in consequence of the repulsion 
of its particles, which force is directed from the center 
to the surface. In an oblong spheroid, the intensity or 
thickness of the stratum of electricity at the extremities 
of the two axes is exactly in the proportion of the axes 
themselves; hence, when the ellipsoid b much elon- 
gyited, the electricity becomes very feeUe at the equator, 
and powerful at the poles. A still greater difference in 
the intensities takes place in bodies of cylindrical or 

Srismatic form, and the more so in proportion as their 
mgth exceeds their breadth; therefore the electrical 
intensity is very powerful at a p<Hnt where nearly the 
whole electricity in the body is concentrated. Not* 
withstanding these analytical results, it is doubted 
whether the disposition oi electrified bodies to discharge 
their electricity from points or edges may not arise from 
the superior attractive force generated by induction in 
external bodies, rather than from au original concentra- 
tion of the electric fluid in these parts. 

A perfect conductor is not mechanically affected by 
the passage of electricity, if it be of sufficient size to 
carry off the whole ; but it is shivered to pieces in an 
instant if it be too small to carry off the charge : this 
also happens to a bad conductor. In that case the 
physical change is generally a separation of the particles, 
though it may occasionally be attributed to chemical 
action, or expansion from the heat evolved during the 
passage of the fluid ; but all these effects are in propor- 
tion to the obstacles opposed to the freedom of its 
course. The heat produced by the electric shock is 
intense, fusing metals, and even volatilizing snbstanee8« 
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though it is only accompanied by light when the fluid is 
obstructed in its passage. 

Electrical light, when analyzed by the prism, pre- 
sents very difierent appearances to the solar light. 
Frauenhofer found that instead of the fixed dark lines 
of the solar spectrum, the spectrum of an electric spark 
was crossed by very numerous bright lines ; and Pro- 
fessor Wheatstone has observed that die number and 
position of the hues differ with the metal from which 
the spark is taken. According to M. Biot, electrical 
light arises from the condensation of the air during the 
rapid motion of the electricity, and varies both in in- 
tensity and color with the density of the atmosphere. 
When the air is dense, it is white and brilliant; whereas 
in rai-eiied air it is diffuse and of a reddish color. The 
experiments of Sir Humphry Davy, however, seem to 
be at variance with this opinion. He passed the elec- 
tric spark through a vacuum over mercury, which, 
from green, became successively sea-green, blue, and 
purple, on admitting different quantities of air. When 
the vacuum was made over a fusible alloy of tin and 
bismuth, the spark was yellowish and extremely pale. 
Sir Humphry thence concluded, that electiriccu light 
principally depends upon some properties belonging to 
the ponderable matter through which it passes, and 
that space is capable of exhibiting luminous appearances, 
though it does not contain an appreciable quantity of 
this matter. He thought it not improbable that the 
superficial particles of bodies which form va]>or, when 
detached by the repulsive power of heat, might be 
equally separated by the electric forces, and produce 
luminous appearances in vacuo, by the destruction of 
their opposite electric states. Professor Wlieatstone 
has been led to conclude that electrical light results 
from the Tolatilization and ignition of the ponderable 
matter of the conductor itself. 

Pressure is a source of electricity which M. Becquerei 
has found to be common to all bodies ; but it is necessary 
to insulate them to prevent its escape. When two sub- 
stances of any kind whatever are insulated and pressed 
together, they assume different electric states, but they 
only show contrary electricities when one of them is n 
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good conductor. Wheo bolh are good conduclora, th«y 
must be Eeparated with extreme rapidity, to prevsat 
the returo to equilibrium. 'When the separ&tioo i* 
very suddeu, the tensioa of the two electricities may bo 
great enough to produce light. M. Becquerel attnbutes 
tiie light produced by the cotUsion of icebergs to this 
cause. Iceland spar is made electric by the smallest 
pressure between the fioger and thumb, and retaioB it 
foi- n loDg time. All these circumstances are modified 
by the temperature of the substaocea, the stBt« of their 
BUrfaceB, aud tliat of the atmosphere. Several oiys- 
toline substances become electric when heated, es- 
pecially tourmaline, one end of which acquires pqeitiTe 
and the other negative electiicity, while the iuterme- 
diate part is neutral. Ifa tourmaline be broken throu^ 
the middle, each fragment is found to possess positive 
electricity at one end, and negative at the other, Ube 
die enUre crystal. Electricity is evolved by bodies 
passing from a liquid to a solid state ; also by chemical 
action during Che production and condensation of vapor, 
which is consequently a great source of atmospheric 
electricity. The steam issuing from the valve of tin 
insulated locomotive steam engine produces seven times 
the quantlQ' of electricity that an electrifying machine 
would do with a p]at« three feet in diameter, and 
worked at the rate of 70 revolutions in a minute. Id 
short, it may be stated generally, that when any causa 
whatever, such as frictjon, pressure, heat, fracture, 
chemical action, &c., tends to destroy molecular attrac- 
tion, there is a development of electricity. If, however, 
the molecules be not immediately separated, there will 
be an instantaneous restoration of equilibrium • 

The earth possesses a powerful electrical tension, and 
the atmosphere, when clear, is almost always positively 
electric. lis electriciQ' is stronger in winter than in 
summer, during the day than in the night. The inten- 
sity increases ior two or three hours ^m the time of 
sunrise, comes to a maximum between seven and eight, 
than decreases toward the middle gf the day, arrives at 
its minimum between one and two, and again augments 
as the sun declines, till about the time of sunset, aftw 
which it diminishes, and continuns f^Ue during dtf 
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night. Atmospheric electricity arises partly from an 
evolution of the electric fluid during the evaporation 
that is so abundant at the surface of the earth, thou^ 
not under all circumstances. M. Pouillet has recentiy 
come to the conclusion, that simple evaporation never 
produces electricity, unless accompanied by chemical 
action, but that electricity is always disengaged when 
the water holds a salt or some other substance in solu- 
tion. He found when water contdns lime, chalk, or 
any solid alkali, that the vapor arising from *it is nega- 
tively electric ; and when the body held in solution is 
either gas, acid, or some of the salts, that the vapor 
givfen out is positively electric. The ocean must there- 
fore afford a gi-eat supply of positive electricity to the 
atmosphere ; but as M . Becquerel has shown that elec- 
tricity of one kind or other is developed, whenever the 
molecules of bodies are deranged from their natural 
positions of equilibrium by any cause whatever, the 
chemical changes on the surface of the globe must occa- 
sion maoy variations in the electrical state of the atmos- 
phere. 

Clouds probably owe their existence, or at least their 
form, to electricity, for according to some authors they 
consist of hollow vesicles of vapor coated with it. As 
|he electricity is either entirely positive or negative, the 
vesicles repel each other, which prevents them from 
uniting and falling down in rain. The friction of the 
surfaces of two strata of air moving in different direc- 
tions, probably developes electricity; and if the strata 
be of different temperatures, a portion of the vapor they 
always contain will be deposited ; the electricity evolved 
will be taken up by the vapor, and cause it to assume 
the vesicular state constituting a cloud. A vast deal of 
electricity may be accumulated in this manner, which 
may be either positive or negative. When two clouds, 
charged with opposite kinds, approach within a certain 
distance, the thickness of the coating of electricity in- 
creases on the two sides of the clouds that are nearest 
to one another ; and when the accumulation becomes 
so great as to overcome the coercive pressure of the 
atmosphere, a discharge takes place, which occasions a 
flash of lightning. The actual qnantity of electricity in 
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any one part of a ciond is extremely fimall. The inten- 
sity of me flash arises from the yery creat extent of 
surface occupied by the electricity ; so mat clouds may 
be compared to enormous Leyden jars thinly coated 
with the electric fluid, which only acquires its intensity 
by its instantaneous condeosatioQ. The rapid and irreg- 
ular motions of thunder clouds are, in all probability, 
more owing to strong electrical attractions and repul- 
sions among themselves than to currents of air, though 
both are no doubt concerned in these hostile moye- 
ments. 

Since the air is a non-conductor, it does not convey 
the electricity from the clouds to the earth, but it ac- 
quires from them an opposite electricity, and when the 
tension is very great the force of the electricity becomes 
irresistible, and an interchange takes place between the 
clouds and the earth ; but so rapid is the motion of light- 
ning, that it is difficult to ascertain when it goes from the 
clouds to the earth, or shoots upward from the earth 
to the clouds, though there can be no doubt that it does 
both. In a storm which occurred at Manchester, in the 
month of June, 1835, the electric fluid was observed to 
issue from various points of a road, attended by explo- 
sions as if pistols had been fired out of the ground. A 
man appears to have been killed by one of these explo- 
sions taking place under his right foot. M. Gay-Lussac 
has ascertained that a flash of lightning sometimes darts 
more than three miles at once in a straight line. 

A person may be killed by lightning, although the 
explosion takes place at the distance of twenty miles, 
by what is called the back stroke. Suppose that the 
two extremities of a cloud highly charged with electri- 
city hang down toward the earth : they will repel the 
electricity from the earth's surface, if it be of the same 
kind with their own, and will attract the other kind 
and if a discharge should suddenly take place at one 
end of the cloud, the equilibrium will instantly be re- 
stored by a flash at that point of the earth which is un- 
der the other. Though the back stroke is often sufli- 
ciently powerful to destroy life, it is never so terrible in 
its eflects as the direct shock, which is frequently of 
inconceivable intensity. Instances have occurred in 
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which large masses of mm and stone, and even many 
feet of a stone wall, have been conveyed to a con- 
siderable distance by a stroke of lightning. Rocks and 
the tops of mountains often bear the nmrks of fusion 
from its action; and occasionally yitreous tubes, de- 
scending many feet into banks of sand, mark ^e path 
of the electric fluid. Some years ago. Dr. Fiedler ez-^ 
hibited several of these fiilgorites in London, of con- 
siderable length, which had been dug out of the sandy 
plains of Silesia and Eastern Prussia. One found at 
Paderbom was forty feet long. Their ramifications 
generally terminate in pools or springs of water below 
the sand, which are supposed to determine the course 
of the electric fluid. No doubt the soil and substrata 
must influence its direction, since it b found by experi- 
ence that places which have been struck by lightning 
are often struck agun. A school-house in Lammer- 
muir, East Lothian, has been struck three diflerent 
times. 

The atmosphere, at all times positively electric be- 
comes intensely so on the approach of rain, snow, wind, 
hail, or sleet ; but it afterward varies, and the transi- 
tions are very rapid on the approach of a thunder-storm. 
An isolated conductor then gives out such quantities of 
sparks that it is dangerous to approach it, as was &taUy 
experienced by Professor Riclunan, at Petersburg, who 
was struck dead by a globe of fire from the extremity 
of a conductor, while making experiments on atmos- 
pheric electricity. There is no instance on record of an 
electric cloud of high tension being dispelled by a con- 
ducting rod silently withdrawing the electric fluid ; ye( 
it may mitigate the stroke, or render it harmless if it 
should come. Copper conductors afiford the best pro- 
tection against lightning, especially if they expose a 
broad surface, since the electric fluid is conveyed along 
tbie exterior of bodies. Conductors do not attract the 
electric fluid from the clouds ; their object is to cany 
it off* in case of a stroke, and therefore they ought to 
project very little, if at all, above the building. 

When the air is highly rarefied by heat, its coercive 
Dower is diminished so that the electric fluid escapes 
from the clouds, and never can be accumulated beyond 
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a certBin limit; whence those lamboDt diffuse flashes of 
lightning without thundei^ so frequent in warm summer 
evenings. 

The velocity of electricity is so great, that the most 
rapid motion which can be produced by art appears to 
be actual rest when compared with it. A wheel re- 
volving with celerity sufficient to render its spokes invis- 
ible, when illuminated by a flash of lightning, is seen for 
an instant with all its spokes distinct, as if it were in a 
state of absolute repose; because, however rapid the 
rotation msy be, the light has come and already ceased 
before the wheel hns had time to turn through a sensible 
space. Tliis beautiful experiment is due to Professor 
Wheatstone, as well ns the following variation of it, 
which is not less striking : Since a sunbeam consists of 
a mixture of blue, yellow, and red light, if a circular 
piece of pasteboard be divided into three sectors, one of 
which is painted blue, another yellow, nnd a third red, 
it will appear to be white when revolving quickly, be- 
cause of the rapidity with which the impressions of the 
colors succeed each other on the retina. But the in- 
stant it is illuminated by an electric spark, it seems to 
stand still, and each color is as distinct as if it were at 
rest. This transcendent speed of the electric fluid has 
been ingemously measured by Professor Wheatstone; 
and although his experiments are not far enough ad- 
vanced to enable him to state its absolute celerity, he has 
ascertained that it much surpasses the velocity of light. 

In the horizontal diameter of a small disc fixed on the 
wall of a darkened room are disposed six small brass 
balls, well insulated from each other. An insulated 
copper wire half a mile long is disjoined in its middle, 
and also near its two extremities ; the six ends thus ob- 
tained are connected with the six balls on the disc. 
When an electric discharge is sent through the wire bj 
connecting its two extremities, one with the positive, 
and the other with the negative coating of a Leyden 
jar, three sparks are seen on the disc, apparently at the 
same instant. At the distance of about ten feet, a small 
revolving mirror is plaee'd so as to reflect these three 
sparks during its revolution. From the extreme velocity 
of the electricity, it is clear, that if the three «parks be 
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9imiiltaneoiis« they will be reflected, and will vanish be- 
fore the mirror has sensibly changed its position, how- 
ever rapid its rotation may be, and they will be seen in n 
straight line. But if the three sparks be not simultane- 
ously tiunsmitted to the disc — ^if one, for example, be later 
than the other two — ^the mirror will have time to revolve 
through an indefinitely small arc in the interval betweeti 
the reflection of the two sparks and that of the sin^e 
one* However, the only indication of this small motion 
of the mirror will be, that the single spark will not be 
reflected in the same straight line with the other two, 
but a little above or below it, for the reflection of all 
three will still be apparently simultaneous, the time in- 
tervening being much too short to be appreciated. 

Since the number of revolutions which the revolving 
mirror makes in a second are known, and the angular 
deviation of the reflection of the single spark from the 
reflection of the other two can be measured, the time 
elapsed between their consecutive reflections can be as- 
certained. And as the length of that part of the wire 
through which the electricity has passed is given, its ve- 
locity may be found. 

Since the number of pulses in a second requisite to 
produce a musical note of any pitch is known, the num- 
ber of revolutions accomplished by the mirror in a given 
time, may be determined from the musical note produced 
by a tooth or peg in its axis of rotation striking against a 
card, or from the notes of a siren attached to the axis. 
It was thus that Professor Wheatstone found the mir- 
ror which he employed in his experiments to make 800 
revoIutioDS in a second ; and as the angular velocity of 
the reflected image in a revolving mirror is double that 
of the mirror itself an angular deviation of one degree 
in the appearance of the two sparks would indicate an 
interval of the 576,000th of a second ; the deviation of 
half a degree would, therefore, indicate more than the 
millionth of a second. The use of sound as a measure 
of velocity is a happy illustration of the connection of the 
physical sciences. 

When the atmosphere is highly charged with eleo- 
tricity, it not unfrequently happens that electric light in 
the form of a star is seen on the topmast and yard-arms 
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«f sbipA. In 1831 the French officers ftt Algiers were 
surprised to see brushes of light on the heads of their 
comrades, and at the points of their fingers, when they 
held up their hands. This phenomenon was weU known 
to the ancients, who reckoned it a lucky omen. 

Many substances in decaying emit light, which is at 
tributed to electricity, such as fish and rotten wood. 
Oyster shells, and a variety o( minerals, become phos- 
phorescent at certain temperatures, when exposed to 
electric shocks or friction : indeed most of the causes 
which disturb molecular equihbrium give rise to phos< 
phoric phenomena. The minerals possessing this prop 
erty are generally colored or imperfectly transparent, 
and though the color of this light varies in diilerent sub- 
stances, it has no fixed relation to the color of the min 
eral. An intense heat entirely destroys this property, 
and tiie phosphorescent light developed by heat has nc 
connection with light produced by friction, for Sir David 
Brewster observed that bodies deprived <3i the faculty oi 
emitting the one are stiU capable of giving out the other. 
Among the bodies which generally become phosphores- 
cent when exposed to heat, there are some specimens 
which do not possess this property, wherefore phospho- 
rescence cannot be regarded as an essential character of 
the minerals possessing it. Sulj^uret of calcium, known 
as Canton^s phosj^orus, and the sulphuret of barium, or 
Bologna stone, possess the phosphorescent property in 
an eminent degree, and M. Edmond Becquerel has shown 
that on these substances a very remarkable phosphores- 
cent effect is produced by tlie action of tlie different 
rays of the solar spectrum. In former times Beccaria 
stated that the violet ray was the most energetic, and 
the red ray the least so, in exciting phosphoric light. M 
Becquerel has shown that two luminous bands separated 
by a dark one are excited by the solar spectrum on pa 
per covered with a solution of gum-arabic and strewed 
with powdered sulphuret of calcium. One of the lu- 
minous bands occupies the space under the least refran- 
gible violet rays, and the other that beyond the lavender 
rays, so that the dark band lies on the part under the 
extreme violet and lavender rays. When the action of 
the spectral light is continued, the whole surface beyond 
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tbe least refrangible violet shines, the luminous bands 
already meotioned brightest, but all the space from the 
least refrangible violet to the extreme red remains dark. 
If the surface prepared with either the sulphnret of cal- 
cium or the Bologna stone be exposed to the sun's light 
for a short time it becomes luminous all over, but when 
in this state a solar spectrum is thrown upon it, the 
whole remains luminous except the part from the least 
refrangible violet to the extreme red, on which space 
the light is extinguished ; and when the temperature of 
this surfiice is raised by a lamp, the bright parts become 
more luminous and the dark parts remain dark. Glass 
stained by the protoxide of copper, which transmits only 
the red and oranse rays together with the chemical rays 
that accompany mem, has the same effect with the less 
refrangible part of the spectrum ; hence there can be no 
doubt mat the most refrangible and obscure rays of the 
spectrum excite phosphorescence, while all the less re- 
frangible rays of light and heat extinguish it. It appears 
from the experiments of MM. Biot and Becquerel that 
electrical disturbance produces these phosphorescent 
effects. There is thus a mysterious connection between 
the most refrangible rays and electricity, which the ex- 
periments of M. E. Becquerel confirm, showing that 
electricity is developed during chemical action by the 
violet rays, that it is very feebly developed by the blue 
and indigo, but that none is excited by the less refrangi- 
ble part of the spectrum. 

Paper prepared with the sulphuret of barium when 
under the solar spectrum shows only one space of max- 
imum luminous intensity, and the destroying rays are * 
the same as in sulphuret of calcium. 

Thus the obscure rays beyond the extreme violet 
possess the property of producing light, while the lumi- 
nous rays have the power of extinguishing it. 

The phosphoric spectrum has inactive lines which 
coincide with those in the luminous and chemical spec- 
tra at least as far as it extends, but in order to be seen, 
the spectrum must be received for a few seconds upon 
the prepared surface through an aperture in a dark 
room, then the aperture must be closed, and the tem- 
perature of the surface raised two or three hundred 
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degrees ; the phosphorescent ports then shine briUiantty / 
Hud the dark lines appear black. 

Since the parts of similar refrangibility in the differ- 
ent spectra are traversed by the same dark lines, raya 
of the same refrangibility are probably absorbed at the 
same time by the different media through which they 
pass. Multitudes of fish are endowed with the power 
of emitting light at pleasure, no doubt to enable them 
to pursue their prey at depths where the sunbeams can- 
not penetrate. Flashes of light are frequently seen to 
dart along a shoal o£ herrings or pik^hards ; .and the 
Medusa tribes are noted for their pnosphorescent brill- 
iancy, many of which are extremely small, and so nu- 
merous as to make the wake of a vessel look like a stream 
of silver. Nevertheless, the luminous ai^)earance which 
is frequently observed in the sea during the summer 
months cannot always be attributed to marine animalcute, 
as the following narrative will show : — 

Captain Bonnycastle, coming up the Gulf of St. Law- 
rence on the 7di of September, 1826, was roused by 
the mate of the vessel in great alarm from an unusual 
appearance. It was a starlight night, when suddenly 
the sky became overcast in the direction of the hi^ 
land of Cornwallis country, and an instantaneous and 
intensely vivid light, resembling the aurora, shot out of 
the^ hitherto gloomy and dark sea on the lee bow, which 
was so brilliant that it lighted everything distinctly, even 
to the mast-head. The light spread over the whole 
sea between the two shores, and the waves, which be- 
fore had been tranquil, now began to be agitated. Cap- 
tain Bonnycastle describes the scene as that of a blazing 
sheet of awful and most brilliant light. A long and vivid 
Une of light, superior in brightness to the parts of the 
sea not immediately near the vessel, showed the base 
of the high, frowning, and dark land alnreast ; tiie sky 
became lowering and more intensely obscure. Long, 
tortuous lines of light showed immense numbers of very 
large fish darting about as if in consternation. The 
spritsail-yard and mizen-boom were lighted by the glare, 
as if gas-lights had been burning directly bek>w them ; 
and until just before daybreak, at four o^clock, the most 
minute objects were distinctly visible. Day broke very 


Sbct.XXVIU. A.VRPICA BOK&AhlB. S69 

slowly, find the sun rose of a fiery and threateDing as- 
pect. Rain followed. Captain Bonnycastle caused a 
bucket of this fiery water to be drawn up ; it was one 
mass of light when stirred by the hand, and not in sparks 
as usual, but in actual coruscations. A portion of the 
water preserved its luminosity for seven nights. On 
the third night, the scintillations of the sea reappeared ; 
this evening the sun went down very singularly, exhibit- 
ing in its descent a double sun ; and when only a few 
degrees high, its spherical figure changed into that of 
a long cylinder, which reached the horizon. In the 
night the sea became nearly as luminous as before, but 
on the fifth night the appearance entirely ceased. Cap- 
tain BonnycasSle does not think it proceeded from ani- 
malculae, but imagines it might be some compound of 
phosphorust suddenly evolved and disposed over the snr- 
&ce of the sea ; perhaps from the exuvias or secretions 
offish connected with the oceanic salts, muriate of soda, 
and sulphate of magnesia. 

The aurora borealis is decidedly an electrical i^enom- 
enon, which takes place in the highest regions of the 
atmosphere, since it is visible at the same time from 
places very far distant from each other. It is somehow 
connected with the magnetic poUea of the earth, and oc- 
casions vibrations in the magnetic needle. M. Aragp 
has frequently remarked that the needle was powerfully 
agitated at Paris, by an aurora that was below the hori- 
zon, and consequently invisible, but whose existence 
was known from the observations of the polar navigators. 
The aurora has never been seen so far north as the pole 
of the earth's rotation, nor does it extend to low latitudes. 
It generally appears in the form of a luminous arch, 
atretching more or less from east to west, but never from 
north to south, the most elevated point being always in 
the magnetic meridian of the place of the observer ; and 
across Sue arch the coruscations are rapid, vivid, and of 
various colors, but whether there be any sound is still a 
disputed point. A similar phenomenon occurs in the high 
lat^des of the southern hemisj^ere. Dr. Farad^f 
eonjectures that the electric equilibrium of the earth is 
restored by die ansora conveying the electricity from tb^ 
poiea to the equator* 
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_ Section XXIX. 

Voltaic Electricity— The Voltaic Battery— lutenaity— Quantity— Compari- 
son of the Electricity of Tension with Electricity in Motion — Luminons 
Effects— Decomposition of Water- Fonoation of Crystals by Voltaic 
Electricity— Electrical Fish. 

Voltaic electricity is of that peculiar kind which is 
elicited by the force of chemical action. It is connected 
with one of the most brilUant periods of British science, 
from \he splendid discoveries to which it led Sir Hum- 
phry Davy; and it has acquired additional interest 
since the discovery of the reciprocal action of Voltaic 
and magnetic currents, which has proved that magnetism 
is only an effect of electricity, and that it has no existence 
as a distinct or separate principle. Consequently Voltaic 
electricity, as immediately connected with the theory of 
the earth and planets, forms a part of the physical ac- 
count of l^eir nature. 

In 1790, while Galvani, Professor of Anatomy in Bo- 
logna, was making experiments on electricity, he was 
surprised to see convulsive motions in the limbs of a 
dead frog accidentally lying near the machine during an 
electrical discharge. Though a similar action had been 
noticed long bef(»re his time, he was so much struck with 
this singular phenomenon, that he examined all the cir- 
cumstances carefuliy, and at lengthfound that convulsions 
take place when the nerve and muscle of a frog are con- 
nected by a metallic conductor. This excited the atten- 
tion of all ]^urope ; and it was not long before Professor 
' Vdta of Pavia showed that the mere contact of different 
bodies is sufficient to disturb electrical equilibrium, and 
that a current of electricity flows in one direction through 
a circuit of three conducting substances. From tiiis he 
was led, by acute reasoning and experiment, to the con- 
struction of the Voltaic pile, which, in its early form, 
consisted of alternate discs of zinc and copper, separated 
by pieces of wet cloth, the extremities being connected 
by wires. This simple apparatus, perhaps the mosi 
wonderful instrument that Ims been invented by the int 
genuity of man, by divesting; electricity of its sudden and 
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uncontrollable violence, and giving in a continned staream 
a greater quantity at a diminished intensity, has exhibited 
that fluid under a new and manageable form, possessing 
powers the most astonishing and unexpected. Ajs the 
Voltaic battery has become one of the most important 
engines of physical research, some account of its present 
condition may not be out of place. 

The disturbance of electric equilibrium, and a devel- 
opment of electricity, invariably accompany the chem- 
ical action of the fluid on metallic substances, and are 
most plentiful when that action occasions oxidation. 
Metals vary in the quantity of electricity aflbrded by 
their combination with oxygen. But the greatest 
abundance is developed by the oxidation of zinc by weak 
sulphuric acid. And in conformity vnth the law that 
one kind of electricity cannot be evolved without an 
equal quantity of the other being brought into activity, 
it is found that the acid is positively, and the zinc nega- 
tively electric. It has not yet been ascertained why 
equitibrium is- not restored by the contact of these two 
substances, which are both conductors, and in opposite 
electrical states. However, the electrical and chemical 
changes are so connected, that unless equilibrium be 
restored, the action of the acid will go on languidly, or 
stop as soon as a certain quantity of electricity is accu- 
mulated in it. Equilibrium nevertheless will be restored, 
and the action of the acid will be continuous, if a plate of 
copper be placed in contact with the zinc, both being 
immersed in the fluid ; for the copper, not being acted 
upon by the acid, will serve as a conductor to convey 
the positive electricity from the acid to the zinc, and 
will at every instant restore the equilibrium, and then 
the oxidation of the zinc will go on rapidly. Thus 
tiiree substances are concerned in forming a Voltaic 
circuit, but it is indispensable that one of £em shouM 
be a fluid. The electricity so obtained will be very 
feeble in overcoming resistances oflered by imperfect 
conductors interposed in the circuit, or by very long 
wires, but it may be augmented by increasing the num- 
ber of plates. In the common Voltaic battery, the 
electricity which the fluid has acquired from the first 
plate of auBc, exposed to its actk)n, is taken up by the 
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tapper {MebrtoDgvg to the second peirtaiidtniisferTed 
to the second zinc plate, wHfa which it is connected. 
The second plate of zinc possessing eipial powers, and 
acting in co uf onnity with die first, having thus acquired 
a lai^r portion of elecdricity than its natoral share, 
coannnnicates a huger quantity to the fluid in the second 
cefl. This increased quantily is again transferred to 
the next pair of plates ; and thus eveiy succeeding al- 
ternation is productive of a further increase in the 
qnantitj of the electricity developed. This action, 
however, wonld stop unless a vent were given to the 
accumulated electrici^, by establishing a communication 
between the positive and negative pcles of the battery, 
by means of wires attaohed to the extreme plate at eadi 
end. When the wires are brought into contact, the 
Voltaic circuit is completed, the electricities meet and 
neutralize each other, producing the shock and other 
eieetriea] {^enomena; and then the electric current 
continues to flow uninterruptedly in the cirsoit, as long 
as the chemical action lasts. The stream of positive 
riectricity flows from the zinc to the copper. The 
constmctiiMi and power of the Voltaic battery has been 
mudi improved of late years, but the most valuable 
recent improvement is the constant battery of Pi'ofesscH' 
DanielL In all batteries of the ordinary constructioa, 
the power, however energetic at first, rapidly diminbhes, 
and ultimately becomes very feeble. Professor DanielJ 
found that this diminution of power is occasioned by the 
adhesion of the evolved hydrogen to the surfiice of the 
copper, and to the precipitation of the sulphate formed 
by the action of the acid on the zinc. He prevents the 
bUter fay interposing between the copper and the zinc, 
hi the ceU containing the liquid, a membrane which, 
without impeding the electric current, prevents the 
transfer of the sate; and the former, by placing between 
^le copper and the membrane «»lnti€m of sulphate of 
copper, which being reduced by the hydrogen prevento 
the adhesion of this gae to the metallic surface. Eadi 
element of the battery connsts of a hollow cylinder of 
copper, in the axis of which is fdaced a cylindrical rod of 
sine ; between the zinc and the copper a membranous 
hag is phK»d, which dhridee tibe.eeli into fewo portians. 


Sect. XXIZ. THE VOLTAIC BATIEKY. 203 

the inner of which is filled with dilute add, and the one 
nearer the copper is supplied With crystals of (he sul- 
phate of that metal. The battery consists of several of 
these elementary cells connected together by met^Uio 
wires, the zinc rod of one with the copper cylinder of 
that next to it. The zidc rods are amalgamated, so that 
local action, which in ordinary cases is so destructive of 
the zinc, does not take place, and no chemical action ]» 
manifested unless the circuit be completed. The rods 
are easily detached, and others substituted for them 
when worn out. This battery, which possesses con- 
siderable power, and is constant in its effects for a very 
long period of time, is greatly superior to all former ar- 
rangements, either as an instrument of research, or for 
exhibiting the ordinary phenomena of Voltaic electricity* 

A battery charged wkh water alone, instead of acid, 
is very constant in its action, but the quantity of elec- 
tricity it developes is comparatively very soialk Mr. 
Cross of Broomfield in Somersetshire, nas kept a bat- 
teiy of this kind in full force during twelve months* 
'M. Becquerel had invented an instrument for comparing 
the intensities of the different kinds of electricity by 
means of weights ; but as it is impossible to make the 
comparison with Voltaic electricity produced by the or- 
dinary batteries, on account of the perpetual variation 
to which the intensity of the current is liable, he has 
constructed a battery which affords a continued stream 
of electricity of uniform power, but it is also of very 
feeble force. The current is produced by the chemical 
combination of an acid with an alkali. 

Mefallic contact is not necessary for the production of 
Voltaic electndty, which is entirely due to chemical 
actaon. The intensity of the Voltaic electricity is in 
proportion to the intensity of the affinities concerned in 
its production, and the quantity produced is in propor- 
tion to the (juantity of matter which has been chem- 
ically active during its evolution. Dr. Faraday considers 
this definite production to be one of the strongest proofs 
that the electricity is of chemical origin. 

Galvanic or Voltaic, like common electricity, may 
either be considered to consist oi two fluids passing ia 
opposite directions through the circuit, or, if th^ hypcrtlir 
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esis of one fluid be adopted, the zinc end of the bat- 
tery maf be supposed to have an excess of electricity, 
and the copper end a deficiency. Hence, in the latter 
case, the zinc is the positive end of the battery, and the 
copper the negative. 

Voltaic electricity is distinguished by two marked 
characters. Its intensity increases with the number of 
plates — its quantity with the extent of their surfaces. 
The most intense concentration of force is displayed by 
a numerous series of large plates, light and heat are 
copiously evolved, and chemical decomposition is accom 
plished with extraordinary energy; whereas the elec 
tricity from one pair of plates, whatever their size may 
be, is so feeble that it gives no sign either of attraction 
or repulsion ; and, even with a battery consisting of a 
very great number of plates, it is difficult to render the 
mutual attraction of its two wires sensible, though of 
opposite electricities. 

The action of Voltaic electricity differs in some re- 
spects materially from that of the ordinary kind. When 
a quantity of common electricity is accumulated, the 
restoration of equilibrium is attended by an instantaneous 
violent explosion, accompanied by the development of 
light, heat, and sound. The concentrated power of the 
fluid forces its way through every obstacle, disrupting 
and destroying the cohesion of the particles of the bodies 
through which it passes, and occasionally increasing its 
destructive effects by the conversion of fluids into steam 
firom the intensity of the momentaiy heat, as when 
trees are torn to pieces by a stroke of lightning. Even 
the vivid light which marks the path of the electric fluid 
is probably owing in part to the sudden compression of 
the air and other particles of matter during the rapidity- 
of its passage, or to the violent and abrupt reunion o£ 
the two fluids. But the instant equilibrium is restored 
by this energetic action the whole is at an end. On the 
contrary, when an accumulation takes place in a Voltaic 
battery, equilibrium is restored the moment the circuit 
is completed. But so far is the electric stream from 
being exhausted, that it continues to flow- silently and 
invisibly in an uninterrupted current supplied by a per- 
petual reproduclaon. And although its action on bodies 
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is neither so sudden nor so intense as that of common 
electricity, yet it acquires such power from constant 
accumulation and continued action, that it ultimately 
surpasses the energy of the other. The two kinds of 
electricity differ, in no circumstance more than in the 
development of heat. Instead of a momentary evolu- 
tion, which seems to arise from a forcible compression 
of the particles of matter during the passage of the com- 
mon electric fluid, the circulation of the Voltaic electricity 
is accompanied by a continued development of heat, 
lasting as long as the circuit is complete, without pro- 
ducing either light or sound ; and this appears to be its 
immediate direct effect, independent of mechanical ac- 
tion. Its intensity from a very powerful battery is 
greater than that of any heat that can. be obtuned by 
artificial means, ad that it fuses substances which resist 
the action of the most powerful furnaces. The temper- 
ature of eveiy part of a Voltaic battery itself is raised 
during its activity. 

When the battery is powerful, the luminous effects of 
Voltaic electricity are very brilliant. But considerable 
intensity i,s requisite to enable the electricity to force its 
way through the air on bringing the wires together 
from the opposite poles. Its transit is accompanied by 
fight ; and in consequence of the continuous supply of 
the fluid, sparks occur every time the contact of the 
wires is either broken or renewed. The most splendid 
artificial light known is produced by fixing pencils of 
charcoal at the extremities of the wires, and bringing 
them into contact. This light is the more remarkable, 
as it appears to be independent of combustion, since the 
charcoal suffers no change, and likewise because it is 
equally vivid in such gases as do not contain oxygen. 
Though nearly as bright as solar light, it differs niaterir 
ally ^Dm it when analyzed with a prism. Professor 
w heatstone has found that the appearance of the spec- 
trum of the Voltaic spark depends upon the metal n*om 
whence the spark is taken. The spectrum of that from 
mercury consists of seven definite rays, separated from 
each other by dark intervals ; these visible rays are two 
orange lines close together, a bright green line, two 
bluish green lines near each other, a veiy brig^ht purple 
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fine, and lastly a violet Ime. The spark taken fit>m 
sine, cadmram, tin, bismuth, and lead in the melted 
state, gives similar results ; but the number, position, 
and cobr of the lines vaiy so much in each case, and 
the appearances are so different, that the metals may be 
easily distinguished from each other by this mode of 
investigation. It appears, moreover, that the light does 
not arise from the c<mibustion of the metal; for the 
Voltaic spark taken from mercury successively in the 
vacuum of an air-pump, in the Torricellian vacuum, and 
in carbonic acid gas, is precisely the same as when the 
experiment is performed in the air or in oxygen gas. 
Notwithstanding the difference between electric and 
solar light, M. Arago is inclined to attribute the intense 
light and heat of the sun to electrical action. 

Voltaic electricity is a powerful agent in chemical 
analysis. When tnmsmitted through conducting fluids 
it separates them into their constituent parts, vniich it 
conveys in an invbisible state through a considerable 
space or quantity of liquid to the poles, where they 
come into evidence. Numerous instances might be 
given, but the decomposition of water is perhaps the 
most simple and elegant. Suppose a glass tube filled 
with water and cork^ at both ends ; if one of the wires 
of an active Voltaic battery be made to pass through 
one cork and the other through the other cork, into the 
water, so that the extremities of the two wires shall be 
opposite and about a quarter of an inch asunder, chemi- 
cal action will immediately take place, and gas will con- 
tinue to rise from the extremities of both wires till the 
water has vanished. If an electric spark be then sent 
through the tube, the water will reappear. By arrang- 
ing the experiment so as to have the gas given out 1^ 
each wire separately, it is found that water consists of 
two volumes of hydrogen and one of oxygeq. The hy- 
drogen is given out at the positive wire of the batteiy, 
and the oxygen at the negative. The oxides are also 
decomposed ; the oxygen appears at the positive pole, 
and the metal at the negative. The decomposition of 
the alkalies and earths by Sir Humphry Davy formed 
a remarkable era in the history of Science. Soda, 
potass, lime, magnesia, and other substances heretofore 
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eomidered to be simple bodies incapaUe of decompcwi- 
tion, were resolved by electric agency into their constit- 
uent parts, ftod proved to be metiUlic oxides, by that 
illustrious philosopher. All chemical changes produced 
by the electric fluid are accomplished on tbo same prin- 
ciple ; and it appears that in general, combustiUe wkh' 
stancesi metals, and alkalies go to the negative wire, 
while acids and oxygen are evolved at me positive* 
The transfer of these substances to the poles is not the 
least wonderful effect of the Voltaic battery. Though 
the poles be at a considerable distance from one another 
nay, even in separate vessels, if a communication be 
only established by a quantity of wet thread, as tiie de* 
composition proceeds the component parts pass through 
the thread in an invisible state, and arrange themselves 
at their respective poles. According to Dr. Faraday, 
electro-chemical dec<»nposition is simply a case of the 
preponderance of one set of chemical affinities more 
powerful in their nature over another set which are less 
powerful. The great efficacy of Voltaic electricily in 
chemical decomposition arises from the continuailce oi 
its action ; and its agency appears to be most exerted 
on fluids and substances tdiich, by conveying the elec- 
tricity partially and imperfectly, impede its progress* 
But it is now proved to be as efficacious in the compo* 
sition as in the decomposition or analysis of bodies. 

It had been x>bserved that when metallic solutions are 
subjected to galvanic action, a deposition of metal, some- 
times in the form of minute crystals, takes place on the 
negative wire. By extending this principle, and em- 
ploying a very feeble Voltaic action, M. Becquerel has 
succeeded in forming crystals of a great proportion of 
the mineral substances, precisely similar to diose pro- 
duced by nature. The electric state of metallic veins 
makes it possible that many natural crystals may have 
taken their form from the action of electricity bringing 
their ultimate particles, when in solution, within the 
narrow sphere of molecular attraction already mentioned 
as the great agent in the formation of solids. Both light 
and motion favor crystalization. Crystals which form 
in diffisrent liquids are generally more abundant on the 
tide of the iar exposed to ^e U^t ; and it is well known 


398 BIjOBTKCVGILDINO. 8bct. ZZIX. 

that trtall water, cooled below 32^, starts into crjrstab of 
ice the iostant it is agitated. Light and motion are 
intimately connected with electricity, which may there* 
fore have some inflaence on the laws of aggregation; 
this is the more likely, as a feeble actaon is alone neces- 
sary, provided it be continued for a sufficient time. 
Crystals formed rapidly are generally imperfect and 
soft, and M* Becquerel found tlutt even years of constant 
Voltaic action were necessary for the crystalization of 
some of the havA substances. If this law be general^ 
how many ages may be required for the formation of a 
diamond 1 

The deposition of metal from a metallic solution by 
galvanic electricity has been most successfully applied 
to the art of plating and gilding, as weU as to the more 
delicate process of copying medals and copper plates. 
Indeed, not metais only, but any object of art or nature 
may be coated with precipitated metal, provided it be 
first covered with the thinnest film of plumbago, which 
renders a non-conductor sufficiently conducting to re- 
ceive the metal. 

Common electricity, on account of its high tension* 
passes through water and other liquids, as soon as it is 
formed, whatever the length of its course may be. Vol- 
taic electricity, on lihe contrary, is weakened by the dis- 
tance it has to traverse. Pure water is a very bad con- 
ductor; but ice absolutely stops a current of Voltaic 
electricity altogether, whatever be the power of the bat- 
tery, although common electricity has sufficient power 
to overcome its resistance. Dr. Faraday has discovered 
that this property is not peculiar to water ; that, with a 
few exceptions, bodies which do not conduct electricity 
when solid, acquire that propertjr, and are immediately 
decomposed, when they become fluid ; and in genera], 
that decomposition takes place as soon as the solution 
acquires the capacity of conduction, which has led him 
to suspect that the power of conduction may be only a 
consequence of decomposition. 

Heat increases the conducting power of some sub- 
stances for Voltaic electricity, and of the gases for both 
kinds. Dr. Faraday has given a new proof of the con- 
nection between heat and electricity, by showing ihaA 
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In general, when a solid which is not a metal becomes 
fluid, it almost entirely loses its power of conducting 
heat, while it acquires a capacity for conducting elec- 
tricity in a high degree. 

The galvanic fluid aflects all the senses. Nothing can 
be more disagreeable than the shock, which may even 
be fatal if the battery be very powerful. A bright flash 
of light is perceived with the eyes shut, when one of 
the wires touches the face and the other the hand. By 
touching the ear with one wire and holding the other, 
strange noises are heard, and an acid taste is perceived 
when the positive wire is applied to the tip of the tongue 
and the negative wire touches some other part ef it. 
By reversing the poles the taste becomes alkaline. It 
renders the pale light of the glow-worm more intense* 
Dead animals are roused by it, as if they started again 
into life, and it may ultimately prove to be the cause of 
muscular action in the living. 

Several fish possess the faculty of producing eleetrical 
effects. The most remarkable are the gymnotus elec- 
tricus, found in South America; and the torpedo, a 
species of ray, frequent in the Mediterranean. The 
electrical action of the torpedo depends upon an appa* 
ratus apparently analogous to the Voltaic pile, which the 
animal has the power of charing at will, consisting of 
membranous columns filled throughout with laminae, sep* 
arated from one another by a fluid. The absolute quan- 
tity of electricity brought into circulation by the torpedo 
is so great, that it aflects the decomposition of wafer, 
has power sufficient to make magnets, gives very severe 
shocks and the electric spark. It is identical in kind 
with that of the galvanic battery, the electricity of the 
under surface of tiie fish being the same with the neg- 
ative pole, and that in the upper surface the same wiSi 
the positive pole. Its manner of action is, however, 
somewhat different; for although the evolution of the 
electricity is continued for a sensible time, it is inter- 
rupted, being communicated by a succession of dis- 
charges. 
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In order to explain the other mediods of exciting 
electricity, and die recent discoveries in that science, it 
is necessary to be acquainted with the general theory 
of magnetism, and also with the magnetism of the earth, 
the director of the mariner's compass — ^his guide through 
the ocean. 

The distribution of terrestrial magnetism is very com- 
plicated, and the observations simultaneously niade at 
the various magnetic establishments recently fcM'med in 
both hemispheres have changed many of the opinions 
finrmerly received with regard to that science* 

Its influence, aiising from unknown causes in the in- 
terior of the earth, extends over every part of its surface, 
bat seems to be independent of the form and of the 
peculiarities of the exterior of our planet (a). Its 
aetion on the magnetic needle determines tiie magnetic 
poles of the earth, which do not coincide with the poles 
of rotation. 

Mr. Hansteen of Copenhagen computed, from obser- 
vations in various parts of the world, that there are two 
magnetic poles in each hemisphere, while M. Gauss 
has concluded there is only one in each (A), The 
position of one of these poles was determined by our 
gallant countr|rmen when endeavoring to accomplish the 
north-west passage round America. It is situate in 70 '^ 
6< 17" north latitude, and 96° 46^ 45" west longitude. 
Another northern magnetic pole is known by enerva- 
tion to be in Siberia, somewhat to the north of eo*' north 
latitude and in 102*^ east longitude, so that the two poles 
are 198° 46' 45" asunder. In his recent voyage to the 
Antarctic regions Sir James Ross ascertained that one 
of the southern magnetic poles is in 70® south latitude. 
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iKi abottt IGU^ east longitude. The position of the 
vdii«r south magnetic pole, if it exists, is unknown. 

In consequence of the attraction and repulsion of 
diese poles, a needle suspended so as to move freely in 
A horizontal direction, whether it be nftignetic or not, 
#nly remains in equilibrio when in the magnetic meridian, 
chat is, when it is .in a place which passes thi'ough a 
Qorth and a south magnetic pole. lu some places the 
magnetic meridian coincides with the terrestrial me- 
ridmn, and in these a magnetic needle freely suspended, 
AS in the mariner's compass, points to the true north; 
>ut if it be carried successively to different places on 
the earth's surfiice its (Hrection will deviate, sometimes 
to the east, and sometimes to the west of the true north. 
Imaginary lines drawn on the globe through all the 
. places where the needle points due north and south are 
called lines of no variation. Imaginary lines drawn 
&rough all those places where the needle deviates from 
|2ie geographical meridian by an equal quantity, are lines 
of equal variation. 

A magnetic needle suspended so as to be movable 
only in a vertical plane dips, or becomes more and more 
inclined to the horizon the nearer it is brought to a 
magnetic pole, and there it becomes vertical. Lines 
of equal dip are such as may be imagined to pass 
through all those points on the globe where the dipping 
needle makes the same an^e with the hoiizon. In 
some places the dipping needle becomes horizontal, and 
there the influences of the north and south poles are 
balanced, and an imaginary line passing through aU such 
I^aces is the magnetic equator. In going north from 
the magnetic equator one end of the dipping needle dips 
more and more till it becomes perpendicular at the 
north magnetic pole, while in proceeding south from 
the magnetic equator ^le other end of the dipping 
lieedle dips, and at last becomes perpendicular at the 
ionth magaelac pole. The magnetic equaKnr does not 
coincide with the terrestrial equator : it appears to be 
an irregular onrve passing round tiie earth, inclined 
to the eartii*8 e<]piator at an angle of about 12°, and 
erossing it in several points^ the position of which aeeais 
-itffl to be tneertain* Aeooie^mt to sobm aeeomtf b, thrae 
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points have been ascerttuned in which that curve cuts 
the equator ; yet Captain Duperry, who crossed it re- 
peatedly, affirms, from his own observations combined 
with those of M. Jules de Bosville and of Colonel 
Sabine, that it crosses the terrestrial equator in two 
points only, and those diametrically opposite one to the 
other, and not far from the meridian of Paris. One of 
these nodes he places in the Atlantic, the other in the 
Pacific ocean. He finds that the magnetic equator 
deviates but little from the terrestrial equator in that 
part of the Pacific where there are only a few scattered 
islands (&^, that as the islands become more frequent 
the deviation increases, and arrives at a maximum both 
to the north and south in traversing the African and 
American continents; and that the symmetry c^ the 
northern and southern segments of this curve is much 
greater than was imagined. 

The intensity of the magnetic force is different in dif- 
ferent parts o£ the earth. If a magnetic needle, freely 
suspended so as to move horizontally, and at rest in a 
magnetic meridian, be drawn any number of degrees 
from that position^ it will make a ceitain number of os- 
cillations before it resumes its state of rest. The inten- 
sity of the magnetic force is determined from these os- 
cillations, in the same manner that the intensity of the 
gravitating and electrical forces is known from the vibra- 
tions of the pendulum and the balance of torsion (c) : 
and in all these cases it is proportional to the squares of 
the number of oscillations performed in a given time, 
consequently a comparison of the number of vibrations 
accomplished by the same needle during the same time 
in dififerent parts of the earth's surface will determine 
the variations in the magnetic action. By this method 
it was discovered that the intensity of the magnetic force 
increases £rom the equator toward the poles ; but the 
foci of the greatest total intensity of the magnetic force 
seem neither to coincide with.the magnetic nor rotatory 
poles of the earth (d)» One of these foci, according to 
Colonel Sabine's magnetic chart, is situate about the 47° 
south latitude and 140^ east longitude, while another of 
less energy is in 60^ soutibi latitude and 235° east langi< 
tnde. The point of least t0tal magnetic intensity on t£» 
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whole globe is by tbe same chart about the 25° south 
latitude aod 12° west longitude. In the northern hem- 
isphere the foci of maximum intensity are in lat. 54° 32^ 
N., long. 261° 27' E., and lat. 71° 20' N., long. 119° 57' E., 
according to M. Gauss's calculations. The magnetic 
intensity appears to be doubled in the ascent from the 
equator to Baffin's bay. 

Such are the principal phenomena of terrestrial mag- 
netism, but it is subject to secular, periodical, and tran- 
sient disturbances still imperfectly known. In the north- 
em hemisphere, the poles, the lines of equal and no 
variation, the equator, and in short the whole system is 
gradually moving toward the east, so that the relations 
observed in Europe two centuries ago have now reached 
the limits between Europe and Asia, while other parts 
of the system have moved gradually over to us from the 
west. In the southern hemisphere the secular motion 
(MT the poles and of the whole system is in a contrary 
direction. The cause of these secular disturbances is 
al^ether unknown. 

.llie horizontal needle or compass at any one place is 
also subject to periodic and transient perturbations. 
Great disturbances occur on the same day, or nearfy on 
the same day, in different years, from causes unknown. 

There are also disturbances which, according to the 
observations of M. Kreil, in Milan, depend on the decli- 
nation of the moon and her distance from the earth ; 
others of shorter duration seem to be intfmately con* 
nected with the motion of the suu in regard to the mag- 
netic meridian of the place of observation. In conse- 
quence of the latter, the needle in the same place is 
subject to diurnal variations: in our latitudes the eod 
that points to the north moves slowly westward during 
the forenoon, and returns to its mean position about ten 
m the evening ; it then deviates to the eastward and 
again returns to its mean position about ten in the 
morning. 

M. Kupffer of Casan ascertained that there is a noctur- 
nal as well as a diurnal variation, depending in his opinion 
apon a variation in the mtl^netic equator. Magnetic 
storms, or sudden and great hut tivmsient disturbances^ 
take place oocasioitally hi the compass, which are per- 
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eebed simaltHoeoiisly over widely extended regions; 
while others of less magnitade and duration occur more 
frequently, and are, eqiudly wit(| the greater, not amena- 
ble to any known laws. 

The dip is subject to a secular variation, and according 
to Colonel Sabtne has been decreasing in northern lati- 
tudes for the last fifty years at the rate of three minutes 
annually, and is probably owing to the secular motion of 
the magnetic equator. There are distuihances also in 
the dip of a periodic nature, and others very transient, 
which M. Kreil attributes to weak shocks of earth- 
quakes, having observed that the greatest vertioal dis^ 
Cnrbances have almost always coincided with consider* 
able eartiiquakes even when they occurred in remote 
regons. 

The magnetic intensity is subject to various changes* 
M. Hansteen has found that it has been decreasing an* 
Qually at Christiana, London, and Pans at the rate of 
its 335th, 725th, and 1020th parts respectively, wlueh 
he attributes to the motion of the Siberian magnetie 
pold. The moon increases the magnetic intensity in 
our hemisphere : but her influence differs with her dif- 
ference of position in the heavens. The times of vibra- 
tion of the needle ^e less when the moon has soi^ 
declination than when she has north, and they are less 
when she is in perigee than in apogee. It is still doubtful 
whether magnetic intensity varies with the height above 
the earth or not. 

The diurnal variation in the horizontal intensity ob- 
served by M. Hansteen at Christiana is probably owing 
to the sun's influence : indeed the whole of the magnetic 
disturbances have been ascribed to that cause ; and he 
has even found a general resemblance between the iso-* 
thermal lines and the lines of equal dip on the surface 
of the earth : yet in the present state of our knowledge 
'the magnetic ]^enomena can duly be regarded as the 
eflects of a combination of causes whose separate action 
is still unknown. 

The inventor of the mariner's compass, like most of 
tiie etirly benefitctors o( Ihankuid, is miknown. It is 
w^n doubted which nation first made use of magnetie 
polarfty todetermi&e positions on the sjurfinoe of the globe. 
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But it i« caid that a rude form of the compasa was in- 
vented in Upper Asia, and conveyed thence by the 
Tartars to China, where the Jesuit missionaries found 
traces of this instrument having been employed as a 
guide to land travelers in very remote antiquity. From 
that the compass spread over the East, and was impoited 
into Europe by the Crusaders, and its construction im- 
pjfoved by an artist of Amalfi, on the coast of Calabria. 
It seems that the Chinese oqly emp](^ed twenty-four 
cardinal divisions, which the Germans increased to 
thirty-two, and gave the points the names which they 
still bear. 

The variation of the compass was unknown until Co- 
himbust during his first voyage, observed that the needle 
declined from the meridian as he advanced across the 
Atlantic. The dip of the, magnetic needle was first no- 
ticed by Robert Norman, in the year 1576. 

Very delicate experiments have shown that all bodies 
are more or less susceptible of magnetism. Many of 
the gems give signs of it ; cobalt and nickel always pos- 
sess the properties of attraction and repulsion. But the 
magnetic agency is most powerfully developed in iron, 
and in that particular ore of iron called the loadstone, 
which consists of the protoxide and the peroxide of iron, 
together with small portions of silica and alumina. A 
metal is often susceptible of magnetism if it only contains 
the 130,000th part of its weight of'iron, a quantity too 
small to be detected by any chemical test. 

The bodies in question are naturally magnetic, but 
that property may be imparted by a variety of methods, 
as by friction wUdi magnetic bodies, or juxtaposition to 
them ; but none.is more simple than percussion. A bar 
of bard steel, held in the direction of the dip, will be- 
come a magnet on receiving a few smart Uows with a 
hammer on its upper extremity ; and M. Hansteen has 
ascertained that every substance has magnetic poles 
when held in that position, whatever the materials may 
be of which it is composed. 

One of the most distingmshing marks of magnetism is 

polarity, or the property a magnet possesses, when free^ 

suspended, of spontaneously pointing nearly north and 

smith, and alwaya returning to that position when dis-' 

)20 cc2 


.^...idk^ .M.^ \^^ ^ N^A. 


906 roLABmr and imixictioh. Am*. xaot 

tniiiad. Another proper t y of a magiiet is the attraetioD 
of aDmagoetized iron. BoUi poles of a magnet attnct 
iron, wbKh in rotnm attracts either pde of the magnet 
with an equal and contrary force. The magnetic in- 
tensi^ is most powerful at the poles, as may easily be 
seen by dipping the magnet into iron filings, which will 
adhere abundant]^ to each pole, while scai^cely any 
attach themselves to the intermediate parts. The 
action of the magnet on unmagnetized iron is confined 
to attraction, whereas the reciprocal agency of magnets 
IS characterized by a repnlsiTO as weU as an attractiTe 
force, for a north pole repels. a north pole, and a sontii 
repels a south pole. But a north and a soath pole 
mutually attract one another, which proves that there 
are two distinct kinds of magnetic forces, directly op- 
posite in thm effects, though nmilar in their mode of 
action. 

Induction is the power which a magnet possesses of 
exciting temporary or permanent magnetism in such 
bodies m its vicinity as are capable of receiving it. By 
this property the mere approach of a magnet renders 
iron or steel magnetic, the more powerfuyy the less the 
distance. When the north pole of a magnet is brought 
near to, and in the line with, an unmagnetized iron bar, 
the bar acquires all the properties of a perfect magnet; 
the end next the north pole of the ma^et becomes a 
south pole« while the remote end becomes a north pole. 
Exactly the reverse takes place when the south pole is 
presented to the bar ; so that each pole of a magnet 
mduces the opposite polarity in the adjacent end of the 
bar, and the same pokirity in the remote eztromity; 
consequently the nearest extremity of the bar is at- 
tracted, and the farther repelled ; but as the action is 
greater on the adjacent than on the distant part, the 
resulting force is that of attraction. By induction, the 
iron bar not only acquires polarity, but the power of 
inducing magnetism in a thu-d body ; and although all 
these properties vanish from the iron as soon as the 
magnet is removed, a lasting increase 0[ intensity is 
generally imparted to the magnet itself by the reaction 
of the temporary magnetism S the iron. Iron acquires 
magnetism more rapidly than steel« yet it loses it as 
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quickly on ijie removal of the magoet^ whereas the 
steel is impressed with a lasting polarity. 

A certain time is requisite for the induction of mag- 
netism, and it may be accelerated by anything that 
excites a ▼ibratcnry motion in the particles of the steel, 
such as the smart stroke of the hammer, or heat suc^ 
ceeded by sudden coki. A steel hat may be comrerted 
ipto a magnet by the transmission of an electric discharge 
through it; and as its efficacy is the same in whatever 
direction the electricity passes, the magnetism arises 
from its mechanical operation exciting a vibration among 
the particles of steel. It has been observed that the 
particles of iron easily resume their neutral state after 
induction, but that those of steel resist the restoration 
of magnetic equiUbrium, or a return to the neutral state ; 
it is Uierefore evident, that any cause which removes 
or diminishes the resistance of the particles will tend to 
destroy the magnetism of the steel ; consequently, the 
same mechanical means which develop magnetism will 
also destroy it. On that account a steel bar may lose 
its magnetism by any mechanical concussion, such as by 
falling on a hard substance, a blow with a hammer, and 
heating to redness, which reduces the steel to a state of 
softness. The circumstances which determine whether 
it shall gain or lose, are its position with respect to the 
magnetic equator, and the higher or lower intensity of 
its previous magnetic state. 

Polarity of one kind only cannot exist in any portion 
of iron or steel ; in whatever manner the intensities of 
tiie two kinds of polarity may be diffused through a mag* 
net, they exacdy balance or compensate one another. 
The northern polarity is confined to one-half of a mag- 
net, and the southern to the other, and they are gener- 
ally concentrated in or near the extremities of the bar. 
When a magnet is broken across its middle, each frag- 
ment is at once converted into a perfect magnet ; the 
part which originally had a north pole acquires a south 
pole at the fractured end ; the part that originally had u 
south pple gets a north pole ; and as far as mechanical 
division can be carried, it is found that each fragment, 
however small, is a perfect magnet. 

A comparison of the nunsher of vibrations accomplished 
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by the aame needle, 'during the same time, at different 
distances from a magnet, gives the law of magnetic in- 
tensity, vHiich follows the inverse ratio of the squares of 
the distances, — a law that is not affected by the hiter- 
Tention of any substance whatever between the magnet 
and the needle, provided that substance be not itself 
susceptible of magnetism. Induction and the reciprocal 
action of magnets are therefore subject to the laws of 
mechanics ; but the composition and resolution of the 
forces are complicated, in consequence of four forces 
beiitf constantly in activity, two in each magnet. 

jy&. Were Fox, who has paid much attention to this 
branch of the science, has lately discovered that the law 
of the magnetic force changes from the inverse squares 
of the distances, to the simple inverse ratio, when the 
distance between two magnets is as small as from the 
fourth to the eighth of an inch, or even as much as half 
an inch when the magnets are large; He found, that 
in the case of repulsion, the change takes place at a stiU 
greater distance, especiaUy when the two magnets differ 
materially in intensity. 

There can hairdly be a doubt but that all the phenom- 
ena of magnetism, like those of electricity, may be ex- 
^ plained on the hypothesis of one ethereal fluid, which is 
condensed or redundant in the positive pole, and deficient 
in the negative ; a theory that accords best with the sim- 
plicity and general nature of the laws of creation ; never- 
theless. Baron Poisson has adopted the hypothesis of 
two extremely rare fluids pervading all the particles of 
iron, and incapable of leaving them. Whether the par- 
tides of these fluids are coincident with the molecules 
of the iron<, pr that they only fill the interstices between 
them, is unknown and immaterial. But it is certain that 
the sum of all the magnetic molecules, added to the sum 
of all the spaces between them, whether occupied by 
matter or not, must be equal to the whole volume of the 
magnetic body. When the two fluids in question are 
combined Aey are inert, so that the substances contain 
ing them show no signs of magnetism ; but when depu- 
rate they are active, the molecules of each of the fluids 
attracting those of the opposite kind, and rej ef^ln^ those 
of the same kind. The decomposit!'^'^ n.' the united 
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fluids is accomplished by the inductive intlueoce of either 
of the separate fluids ; that is to say, a ferruginous body 
acquires polarity by the approach of either &e south or 
north pole of the magnet. The magnetic fluids pervade 
each molecule of the mass of bodies, and in all proba- 
bility the electric fluid does the same, though it appears 
to be confined to the surface ; if so, a compensation must 
take place among the internal fnrces. The electric 
fluid has a perpetual tendency to escape, and does es- 
cape, when not prevented by ihe coercive power of the 
surrounding air and other non-conducting bodies. Such 
a tendency does not exist in the magnetic fluids, which 
never quit the substance that contains them under any 
circumstances whatever ; nor is any sensible quantity of 
either kind of polarity ever transferred from one part to 
another of the same piece of steel. It appears that the 
two magnetic fluids, when decomposed by the influence 
of magnetizing forces, only undergo a displacement to 
an insensible degree within the body. The action of aO 
the particles so displaced upon a particle of the magnetic 
fluid in any particular situation, compose a resultant 
fdrce, the intensity and direction of which it is the prov- 
ince of the analyst to determine. In this manner M. 
Poisson has proved that the result of the action of all 
the magnetic elements of a magnetized body, is a force 
equivalent to the action of a very thin stratum covering 
the whole surface of a body, and consisting of the two 
fluids — ^the austral and the boreal, occupying different 
parts of it ; in other words, the attractions and repul- 
sions externally exerted by a magnet, are exactly the 
same as if they proceeded from a very thin stratum of 
each fluid occupying the surface only, both fluids being 
in equai quantities, and so distributed that their totu 
action upon all the points in the interior of the body is 
equal to nothing. Since the resulting force is the differ-^ 
ence of the two polarities, its intensity must be greatly 
inferior to that of either. 

In addition to the forces already mentioned, there 
must be some coercive force anak>gous to friction, which 
arrests the particles of both fluids, so as first to oppose 
their separation, and then to prevent their reunion. In 
toft inm the coercive force is either wantiog or ax 
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trelnely feeble^ eince the iron is enmly rendered mag- 
netic by induction, and as easily loses its magnetism ; 
whereas in steel the coerciye force is extremely ener- 
getic, because it prevents the steel from acquiring the 
magnetic properties rapidly, and entirely hinders it 
from losing them when acquffed. The feebleness of 
the coercive force in iron, and its energy in steel, wUh 
regard to the ma^etic fluids, is perfectly analogous to 
the facility of transmission afforded to the electric fluid 
by non-electrics, and the resistance it experiences in 
electrics. At every step the analogy between magnet- 
ism and electricity becomes more striking. The agency 
of attraction and repulsion is common to both ; the pos- 
itive and negative electricities are similar to the northern 
and southern polarities, and are governed by the same 
laws, namely, that between Uke powers there is repul- 
sion, and between unlike powers there is attraction. 
Each of these four forces is capable of acting most ener- 
getically when alone ; but as the electric equilibrium is 
restored by the union of the two electric states, and 
magnetic neutrality by the combination of the two polar- 
ities, they respectively neutralize each other when 
joined. AH these forces vary inversely as the squares 
iji the distances, and consequently come under the same 
mechanical laws. A like analogy extends to magnetac 
and electrical induction. Iron and steel are in a state of 
equilibrium when the two magnetic polarities conceived 
to reside in them are equally diflused throughout tbe 
whole mass, so that they are altogether neutral. But 
this equilibrium is immediately distmrbed on the approach 
of the pole of a magnet, which by induction transfers 
one kind of polarity to one end of the iron or steel bar, 
and the opposite kind to the other — eflects exactly simi- 
lar to electrical induction. There is even a correspond- 
ence between the fracture of a magnet and that of an 
electric conductor ; for if an oblong conductor be elec- 
trified by induction, its two extremities will have opposite 
electricities ; and if in that state it be divided across the 
middle, the two portions, when removed to a distance 
from one another, will each retain the electricity that 
has been induced upon it. The analogy, however, does 
not extend to transference. A bod^ may transfer a re- 
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dundast quantity of positive electricity to another, or 
deprive another of its electricity, the one gaining at the 
expense of the other ; but there is no instance of a body 
possessing only one kind of polarity. With this' excep- 
tion, there is such perfect correspondence between the 
theories of magnetic attractions and repulsions and elec- 
tric forces in conducting bodies, that they not only are 
the same in principle, but are determined by the same 
forinuls. Experiment concurs with theory in proving 
the identity of these two unseen influences. Hence if 
the electrical phenomena be due to a modification of the 
ethereal medium, the magnetic phenomena must be 
owing to an analogous cause, and therefore, notwithstand- 
ing the high authority of M. Poisson, they must also be 
atSibuted to the redundancy and defect of only one fluid. 

With reference to the subject of this chapter I have 
received the following information from Colonel Sabine, 
one of the best authorities in this branch of science. 

The passage marked {A) confounds under the com- 
mon term of ** magnetic pole,** two things which are 
alike distinct in conception and different in reality. 
These are, 1st — the localities on the globe where the 
needle is vertical, or the horizontal force ; and 2d — 
the localities where the magnetic forces acting on the 
surface of the globe have a maximum intensity, around 
which the isodynamic lines on the surface arrange them- 
selves in curves, and in departing fi'om which in every 
direction (on the surface) the intensity of the force is 
found to decrease. 

The progress of terrestrial magnetism has been greatiy 
impeded by mistakes arising from the different under- 
standings which different people have of what is meant 
by the term magnetic pole. It is the more important 
to have clear ideas and a correct knowledge of facts in 
this matter, because the fects of science are not such as 
in any respect to justify a confusion of terms ; not one 
of the localities where the intensity of the force is a 
maximum coincides with a position where the dip is 
90° ; nor does a dip of 90° anywhere coincide with a 
position where the force is a maximum. 

There is in each hemisphere Qne locality where tli^ 
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dip 18 90^, and two localities where lihe fane forms « 
center of greatest intensity around which the isodynamic 
lines arrange themselves. The locaUties of dip 90** are 
rather spaces than points : they are the major axes of 
small ovals on the surfiice of the sphere ; conseqnentty 
they are linear rather than circular spaces. The spot 
where Captain Ross observed the needle so nearly ver- 
tical in 1831 marks the approximate position of that lo- 
cality at that epoch. This position is, as Mrs. Som* 
erville states, about 70^ north, and 97^ west. The 
isodynamic centers in the same hemisphere aire situ- 
ated, one in America, the other in Siberia. The ob- 
servations made anterior to 1837, which are collected 
and arranged in Colonel Sabine^s report to the British 
Association of that year, gave, when treated by M. 
Gauss according to the formation of the **Allgemeine 
Theorie," the American maximum in 55^ north and 97^ 
west, and the Siberian in 71 ° north and 116° east The 
more recent observations of Messrs. Lefroy and Locke, 
who have traveled in America expressly for the more 
accurate determination of what appears so important a 
datum in terrestrial physics, and whose results are at 
this moment being arranged on a chart on which Cobnel 
Sabine is about to trace 3ie lines of highest intensity in 
America, show that the center of those curves is yet 
farther to the southward by some degrees (consequently 
still more removed from the position where the dip is 
90^ than was supposed in 1837. 

The two maxima of force are not of equal strength : 
the Siberian is somewhat the weaker of the two. The 
positions of both undergo secular change, and both in 
the same direction, viz. to the eastward. The secular 
change of the weaker or Siberian maximum is far more 
considerable than that of the other. The secular 
changes of the isoclinal and isogonic curves correspond 
with those of the two systems of forces indicated by 
distinct maxima having unequal movements of translft^ 
tion. The higher isoclinal curves are oval, having their 
major axes in the line of direction joining the two points 
of maximum intensity. The general arrangement in the 
south hemisphere is strictly analogous : but the two 
centers of force 4re at this epoch sc^parat^ by a less in- 
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terval of longitude than in tho nortili hemisphere. Their 
respectiire longitudes, derived from the observations of 
the antarctic expedition which Colonel Sabine has re- 
duced and published in the Phil Trans., are approxi- 
raately 130'' and 220° east. The latitudes are not de- 
rivable from the observations with equal approximation : 
but they do not appear to differ much from the corres- 
ponding latitudes in the north; i. e. the stronger about 
50° or 55° south, and the weaker about 70° sou£. Here 
^so the weaker maximum has a very considerable sec- 
ular movement, amounting,' as Colonel Sabine has given 
reason to believe in the Phil. Trans, of last year, to 
nearly 50° of longitude in 250 years : the secular change 
in the southern hemisphere being to the westwara, 
while that in the northern is to the eastward. 

The dip of 90° is far removed from either of these 
localities ; its approximate position may be called about 
73° south and 147° east ; but the isocfinal curve of 89° 
will doubtless be more correctly given when ^e Pagoda 
returns from the completion of the survey, and when 
the whole of the observations in the southern hemis- 
phere are combined and treated according to theformuln 
of the •• Allgemeine Theorie." 

The object of the geographical branch of the magnetic 
observations of the last few years has been to obtain 
determinations, vnth the improved instruments of the 
present time, in every accessible part of the globe, with 
a view of combining the results into magnetic charts of 
the three elements drawn directly from the observations, 
and corresponding to the present epoch. The Magnetic 
Atlas wiH then be recomputed by the methods described 
in Gauss' ** Allgemeine Theorie." The observation part 
is nearly accomplished. 

(a) This is by no means established ; the distribution 
of land and water appears to have considerable influence 
on the form of the magnetic equator, as Mrs. Somer- 
ville states at (6). 

(e) In the balance of torsion, the intensity of eleetrietl 
forces is not measured by oscillations, but hj the torskm 
necessary to destroy the deviation produced* 

(d) Refei to note {A), 
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Section XXXI. 

Dtioorery of Electro-MagnetiBm — Deflectioa of the Meipaetie Needle hf « 
Coxrent of Electricity— Direction of the F«noe — Rotatory Motion 1^ Elec- 
tricity — Rotation of a Wire and a Magnet— Rotation of a Magnet about 
its Axis — Of Mercury and Water— Electro-Magnetic Cylinder or Helix — 
Snepension of a Needle in a Helix — Electro-Magnetic Indoction-— Tem- 
porary Magnets — The Galvanometer. 

The disturbing effects of the aurora borealis and Ugbt- 
ning on the mariner's compass bad been long known. 
In the year 1819, M. Oersted, Professor of Natui-al 
Philoso|M3y at Copenhagen, discovered that a current of 
Voltaic electricity exerts a powerful influence on a mag- 
netized needle. This observation has given rise to the 
theory of electro-magnetism — ^the most interesting sci- 
ence of modem times, whether it be considered as lead- 
ing us a step farther in generalization, by identifying 
two agencies hitherto referred to different causes, or as 
developing a new force, unparalleled in the system of 
the world, which, overcoming the retardation from fric- 
tioQ, and the obstacle of a resisting medium, maintains 
a perpetual motion, often vainly attempted, but appa- 
rently impossible to be accomplished by means of twy 
other force or combination of forces than the one in 
question. 

When the two poles of a Voltaic battery are connect- 
ed by a metallic wire, so as to complete a circuit, the 
electricity flows without ceasing. If a straight portion 
of that wire be placed parallel to, and horizontally above, 
a magnetized needle at rest in the magnetic meridian, 
6ut froely poised like the mariner's compass, the action 
of the electric current flowing through the wire will 
instantly cause the needle to change its position. Its 
MLtremity will deviate from the north toward the east 
or west, according to the direction in which the current 
is flowing ; and on reversing the direction of the current, 
the motion of the needle will be reversed also. The 
numerous experiments that have been made ou the 
magnetic and electric fluids, as well as those ou the vari- 
ous relative motions of a magnetic needlov under the 
influence of galvanic electricity, ai'ising from all possible 
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positions of the condactmg wire, and every direction of 
the Voltaic current, togeSier with aQ the other phe- 
nomena of electro^magnetism, are explained by Dr. 
Roget in some excellent artides on these subjects in the 
Library of Useful Knowledge. 

All the experiments tend to prove that the force 
emanating from the electric current, which produces 
such effects on the magnetic needle, acts at right angles 
to the current, and is therefore unlike any force hith- 
erto known. The action of all the forces in nai:ure ip 
directed in straight lines, as far as we know ; fi>r the 
curves described by the heavenly bodies result from the 
composition of two forces; whereas that which is ex- 
erted oy an electrical current upon either pole of a 
magnetic has no tendency to cause the pole to approach 
or recede, but to rotate about it. If the stream of elec- 
tricity be supposed to pass through the center of a circle 
whose plane is perpendicular . to the current, the di- 
rection of the force exerted by the electricity Will always 
be in the tangent to the circle, or at right angles to its 
radius (N. 217). Consequently the tangential force of 
the electricity has a tendency to make the pole of a 
magnet move in a cbrcle round the wire of the battery. 
Mr. Barlow has proved that the action of each particle 
of the electric fluid in the wire, on each particle of the 
magnetic fluid in the needle, varies in?er8ely as the 
squares of the distances. 

Rotatory motion was suggested by Dr. WoUaston. 
Dr. Faraday was the first who actually succeeded in 
making the pole of a magnet rotate about a vertical 
conducting wire. In order to limit the action of the 
electrici^ to one pole, about two- thirds of a small mag- 
net were immersed in mercury, the lower end beii&g 
&sten<9d by a thread to the bottom of the vessel con- 
taining the mercury. When the magnet was thus floating 
almost vertically with its north pole above the surfiice, a 
current of positive electricity was made to descend per- 
pendicularfy^ through a wire touching the mercury, and 
immediately the magnet began .to rotate from left to 
right about the wire. The force being uniform, the 
rotation was accelerated till the tangentiid force was 
balanced by the resistance of the mercury, when it be- 
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eame constant. Under the same circumstances th^ 
•ontii pole of the magnet rotates from right to left. It 
is evident firom this experiment, that the wire may also 
be made to perform a rotation round the magnet, since 
the action of the current of electricity on the pole of the 
magnet must necessarily be accompanied by a corres- 
ponding reaction of the pole of the magnet on the elec- 
tricity in the wire. This experiment has been accom- 
plished by a vast number of contrivances, and even a 
smaU battery, consisting of two plates, has performed 
the rotation. Dr. Faraday produced botii motions at 
the same time in a vessel containing mercui^ ; the wire 
and the magnet revolved in one direction about a com* 
mon center of motion, each.foUowing the other. 

The next step was to make a magnet, and also a cyl- 
inder, revolve about their own axes, which they do with 
great rapidity. Mercury has been made to rotate by 
means of Voltaic electricity, and Professor Ritchie has 
exhibited in the Royal Institution the singular spectacle 
of the rotation of water by the same means, while the 
vessel containing it remained stationary. The water 
was in a hollow double cylinder of glass, and on being 
made the conductor of electricity, was observed to re- 
volte in a regular vortex, changing its direction as the 
poles of the battery were alternately reversed. Pro- 
fessor Ritchie found that all the different conductors 
hitherto tried by him, such as water, charcoal, &c., give 
the same electro-magnetic results when transmitting the 
same quantity of electricity, and that they deflect the 
magnetic needle in an equal degree, when their res- 
pective axes of conduction are at the same distance from 
it. But one of the most extraordinary effiocts of the 
new force is exhibited by coiling a copper whre, so as ta 
form a helix or corkscrew, and connecting the extremi- 
ties of the wires with the poles of a gdvanic battery. 
If a magnetized steel bar or needle be placed within the 
screw, so as to rest upon the lower part, tiie instant a 
current of electricity is sent throu^ the wire of the 
helix, the steel bar starts up by the influence of this in- 
visible power, and remains suspended in the air in op- 
position to the force of gravitation (N. 218). The eifect 
of the electro-magnetic power exerted by each turn of 
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tile wire is to ui^ the nortib pole of the magnet In one 
direetion, and the south pole in the other. The- force 
thus exerted is multiidied in degree and increased in ex* 
teat by each repetition c^ the turns of the wire, and in 
consequence of these opposing forces the bar remains 
suspended. This helix has all the properties of a mag- 
net while the electrical current is flowing through it, 
and may be substituted for one in almost every experi* 
ment. It acts as if it had a north pole at one extremity 
and a south pole at the other, and is attracted and re- 
peUed fay the poles of a magnet exactly as if it were one 
Itself. All these results depend upon the course of the 
electricity ; that is, on the direction of the turns of the 
screw, according as it is from right to left, or from left 
to right, being contrary in the two cases. 

The action of Voltaic electricity on a magnet is not 
only precisely the same with the action of two magnets 
on one another, but its influence in producing temporary 
oaagnetism in iron and steel is also the same with mag- 
netic induction. The term induction, when applied to 
electric currents, expresses the power which these 
currents possess of inducing any particular state upon 
matter in their immediate neighborhood, otherwise neu- 
tral or indifferent. For example, the connecting wire 
of a galvanic battery holds iron filings suspended like an 
artificial magnet, as long as the current continues to 
flow through it; and the most powerful temporary mag- 
nets that have ever been made are obtained by bending 
a thick cylinder of soft iron into the form of a horse- 
shoe, and surrounding it with a coil of thick copper wii*e 
covered with silk, to prevent communication between 
its parts. When this wire forms part of a galvanic cir- 
cuit, the iron becomes so highlv magnetic, that a tem- 
porary magnet of this kind, made by Professor Henry, 
of the Albany Academy, in the United States, sustained 
nearly a ton weight. The iron loses its magnetic power 
the instant the electricity ceases to circuhite, and ac- 
quires it again as instantaneously when the circuit is re- 
newed. Temporary magnets have been made by Pro« 
fessor Moll of Utrecht, upon the same principle, capable 
of supporting 200 pounds' weight, by means of a battery 
of one plate less than half an inch square, consisting of 

dd3 
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two nwtak soldered together. It is truly wonderfol 
that an agent, evolved by so small an instrument, and 
diffused th]9>ugh a large mass of iron, should communi- 
eate a force which seems so disproportionate; Steel 
needles are rendered permanently magnetic by electrical 
induction ; the effect is produced in a moment, and as 
readily by juxtaposition as by contact; the nature of 
the poles depends upon the direction of the current^ 
and the intensity is proportional to the quantity of elec-* 
tricity. 

It appears that the principle and characteristic phe- 
nomena of the electro-magnetic science are, the evolu- 
tion of a tangential and rotatory force exerted between 
a conducting body and a magnet; and tlie tnmsverse 
induction of magnetism by the conducting body in such 
substances as are susceptible of it. 

The action of an electric current causes a deviation ef 
the compass from the plane of the magnetic meridiatt« 
In proportion as the needle recedes from the meridian, 
the intensity of the force of terrestrial magnetism in- 
creases, ¥^le at the same time the electro->magnetie 
force diminishes ; the number of degrees at which the 
needle stops, showing where the equilibrinm between 
these two forces takes place, will indicate the intensity 
of the galvanic current. The galvanometer, constructed 
upon this principle, is employed to measure the inten- 
sity of galvanic currents collected and conveyed to it by 
wires. This instrument is rendered much more sensi- 
ble by neutralizing the effects of the earth's magnetism 
on the needle, which is accomplished by placing a sec- 
ond magnetized needle so as to counteract the action of 
the earth on the first — a precaution requisite in all del- 
icate magnetical experiments. 

Electro-magnetic induction has been elegantly and 
usefully employed by Professor Wheatstone as a mov- 
ing power in a telegraph, by which intelligence is con- 
veyed in a time quite inappreciable^ since me electricity 
would make tJie drcnit of the gktbe in the tenth of a 
Moond* ^ 
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Section XXXil 

Blactro-DTnanucs— Rwiprocul Aetiam. of Elaekrie CoriBBta—ldttBtity of 

Electro-Dynamic Cylinden aiul Magnets— Diffbrenoes between the Ac- 
tion of Voltaic Electricity and Electticityof Tension— Effects of a Voltaic 
Current— Ampere's Theory. 

The science of electro^magnetism, which must ren- 
der the name of M. Oersted ever memorable, relates to 
the reciprocal action of electrical and magnetic currents 
M. Ampdre, by discovering the mutual action of elec 
trical currents on one another, has added a new branch 
to the subject, to which he has given the name of elec- 
tro-dynamics. 

When electric currents are passing through two con- 
ducting wires, so suspended or supported as to be capa- 
ble of moving both toward and from one another, they 
show mutual attraction or repulsion, according as the 
currents are flowing in the same or in contrary direc- 
tions ; the phenomena varying with the relative inclina- 
tions and positions of the streams of electricity. The 
mutual action of such currentis, whether they flow in the 
same or in contrary directions, whether they be parallel, 
perpendicular, diverging, converging, circular, or heliacal, 
all produce different kinds of motion in a conducting 
wire, both rectilineal and circular, and also the rotation 
of a wire helix, such as that described^ now called an 
electro-dynamic cylinder, on account of some improve- 
ments in its construction (N. 219). And as the hypoth- 
esis of a force varying inversely as the squares of the 
distances accords perfectly with all the observed phe- 
nomena, these motions come under the same laws of 
dynamics and analysis as any other branch of physics. 

Electro-dynamic cylinders act on each other precisely 
as if they were magnets during the time the electricity 
is flowing through them. All the experiments that can 
be performed with the cylinder might be accomplished 
with a magnet. That end of the cylinder in which the 
current of positive electricity is moving in a direction 
similar to the motion of the hands of a watch, acts as the 
•outh pole of a magnet, and the other end, in which the 
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current is flowing in a contamy direction, exhibita north- 
ern polarity. 

The i^enomena mark a very decided difference be^ 
tween the action of ^ectricity in motoon or at rest, that 
is, between Voltaic and common electricity ; the laws 
they follow are in many respects of an entirely different 
nature, though the electricities themsebes are identical. 
Since Voltaic electricity flows perpetually, it cannot be 
accumulated, and consequently has no tension, or ten- 
dency to escape from the wires which conduct it. Nor 
do these wires either attract or repel light bodies in 
their Ticinity, whereas ordinary electricity can be accu- 
mulated in insulated bodies to a great degree, and in 
that state of rest the tendency to escape is proportional 
to the quantity accumulated and the resistance it meets 
with. In ordinary electricity, the law of action is that 
dissimilar electricities attract, and similar electricitiea, 
repel one another. In Voltaic electricity, on the con- 
trary, similar currents, or such as are moving in the 
same direction, attract one another, while a mutual re- 
pulsion is exerted between dissimilar ciurents, or such 
as flow in opposite directions. Common electricity 
escapes when the pressure of the atmosphere is re- 
moved, but the electro-dynamical effects are the same 
whether the conductors be io air or in vacuo. 

The effects produced by a current of electricity de- 
pend upon the celerity of its motion through a conduct- 
ing wire. Yet we are ignorant whether £e motion be 
uniform or varied, but the method of transmission has a 
marked influence on the results ; for when it flows with- 
.out intermission, it occasions a deviation in the magnetic 
needle, but it has no effect whatever when its motion is 
discontinuous or ipteniipted, like the current produced 
by the common electrical machine when a communica- 
tion is made between the positive and negative con^ 
ductors. 

M* Ampere has established a theory of electro-mag- 
oetism suggested by the analogy between electro-dy- 
namic cylmders and magnets, founded upon the recip- 
rocal attraction of electric currents, to which all the phe- 
nomena of magnetism and electro-magnetism may be 
reduced, by assumiuD^ that the magnetic properties 


\.'' 


Bmvt.XXXa. ACTION or BLBOTRtC CUKittfNTB. 32t 

which bodies possess derive these properties from cm- 
rents of electricity circulatang about every part In one 
oniform direction. Although every particle of a magnet 
possesses like properties with the whole, yet the general 
effect is the same as if the magnetic properties were 
confined to the surface. Consequently the internal elec- 
tro-currents must compensate one another, and there- 
fcNre the magnetism of a body is supposed to arise from 
a superficial current of electricity constantly circulating 
in a direction perpendicular to the axes of the magnet ; 
so that the reciprocal action of magnets, and aH the phe- 
nomena ot electix>-magnetism, are reduced to the action 
and reaction c^ superficial currents of electricity acting 
at right angles to their direction. Notwithstanding the 
experiments made by M. Ampdre to elucidate the sub> 
ject, there is still an uncertainty in the theory of the 
induction of magnetism by an electric current in a body 
near it. It does not appear whether electric currents 
which did not previously exist are actually produced by 
induction, or if its efiects be <Nily to give one uniform 
direction to the infinite number of electric currents pre- 
viously existing in the particles of the body, and thus 
rendering them capable of exhibiting magnetic phenom- 
ena, in the same manner as polarization reduces those 
undulations of light to one jdane which had previously 
been performed in every plane. Possibly both may be 
combined in producing the effect ; for the action of an 
electric current may not only give a common direction 
to those already existing, but may also increase their 
intensity. However that may be, by assuming that the 
attraction and repulsion of the elementary portions of 
electric currwits vary inversely as the squares of the 
diatanees, the action being at right angles to the direc- 
tion of the current, it is found tb&t the attraction and 
r^ulsion of a current of Indefinite length on the ele- 
menlary porticm of a parallel current at any distance 
ftom it, is in the simple ratio 4>f tiie shortest distance 
between them. Consequently the reciprocal action ai 
aiedric currents is reduced to the conqiosition and rea- 
dtttion of fiMTces, so that the phraome^ia of electro-mag- 
netism «re brougjktt under the laws of dynamics by tb» 

tiMoty 4n M. Ampdro* 
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Section XXXIII. 


Magneto-Electricity— Volta-Electric Induction — Magneto-Electric Induc- 
tion — Identity in the Action of Electricity and Magnetism — Description 
of a Magneto-Electric Apparatne and its Effsots — Identity of Magnetasm 
and Electricity. 

From the law of action and reaction being equal and 
contrary, it might be expected that, as electricity pow- 
erfully affects magnets, so, conversely, magnetism ought 
to {N*oduce electrical phenomena. By proving this very 
important fact from the following series of interesting 
and ingenious experiments. Dr. Faraday has added 
another branch to the science, which he has named 
magneto-electricity. A great quantity of copper wire 
was coiled in the form of a helix round one half of a 
ring of soft iron, and connected with a galvanic battery ; 
while a similar helix connected with a galvanometer was 
wound round the other half of the ring, but not touching 
the first helix. As soon as contact was made with the 
battery, the needle of the galvanometer was deflected. 
But the action was transitory; for when the contact 
was continued, the needle returned to its usual position, 
and was not affected by the continual flow of the electri- 
city through the wire connected with the battery. As 
soon however as the contact was broken, the needle of 
the galvanometer was again deflected, but in the con- 
trary direction. Similar effects were produced by an 
apparatus consisting of two hetices of copper wire coiled 
round a block of wood, instead of iron, from which Dr* 
Faraday infers that the electric current passing from the 
battery throttgh one wire, induces a similar current 
through the other wire, but only at the instant of con-, 
tact, and that a momentary current is induced in a con- 
trary direction when the passage of the electricity is 
suddenly interrupted. These brief currents or waves 
of electricity were found to be capable of magnetizing, 
needles, of passing through a smaU extent of ffuid^ and 
when charcoal points were interposed in the current of 
the induced helix, a minute spark was perceived as often 
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fts the contacts were made or broken, but neither chem- 
ical action nor any other electric effects were obtained. 
A. deviation of the needle of the gi^anometer took place 
when common magnets were employed instead of the 
Voltiuc cnrrent; so that the magnetic and electric 
fluids are identical in their eifects in this experiment. 
Again, when a helix formed of 220 feet of copper wire, 
into which a cylinder of soft iron was introduced, was 
[daced between the north and south poles of two bar 
magnets, and connected with the gahranometer by means 
of wires from each extremity, as often as the magnets 
Were brought into contact witii the iron cylinder, it be- 
came magnetic by induction, and produced a deflection 
in the needle of the galvanometer. On continuing the 
contact, the needle resumed its natural position, and 
when the contact was broken, deflection took place in 
the opposite direction; when the magnetic contacts 
were reversed, the deflection was reversed also. With 
strong magnets, so powerful was the action, that the 
needle of die galvanometer whirled round several times 
successively ; and similar effects were produced by the 
mere approximation or removal of the helix to the poles 
of the magnets. Thus it was proved that magnets pro- 
duce the very same effects on the galvanometer that 
electricity does. Though at that time no chemical de- 
composition was effected by these momentary currents 
which emanate from the magnets, they agitated the 
limbs of a frog ; and Dr. Faraday justiy observes, that 
^* an agent which is iconducted along metallic wires in 
the manner described, which, while so passing, pos- 
sesses the peculiar magnetic acticms and force of a cur- 
rent of electricity, which can agitate and convulse the 
limbs of a frog, and which finally can produce a spark 
br its discharge through charcoid, can only be eleetri- 
eity.*' Hence it appenrs that electrical currents are 
evolved by magnets, which produce the same phenomena 
with the electrical currents from the Voltaic battery : 
they however differ materially in this respect— 4hat 
time is required for the exercise of the magnetico-eleo- 
tric induction, whereas Volta-electric induction is in- 
stantaneous. 
After Dr. Faraday had proved the identity of tibft 
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magnetic uid eleotric fluids by producing the spark, 
heating metallic wires, and aocomplishiog chemical 
decompositaoiifl, it was easj to increase these effects b^ 
more powerful magnets and other arrangements. The 
afiparatus now in use is in effect a battery where the 
agent is the magnetic instead of the Voltaic fluid, cr in 
other words, electricity, and is thus constructed. 

A veiy powerful horseshoe magnet, formed of twelve 
ateel plates in close approximation, is placed in a hori^ 
aontal position* An armature, consisting of a bar of the 
piyrest soft iron, has each of its ends bent at right 
angles, so that the faces of those ends may be brought 
directly opposite and close to the poles of the magnet 
when required. Ten copper wires — covered with silk, 
in order to insulate them — are wound round one half of 
the bar of soft iron, as a compound helix : ten other 
wnres, also insulated, are wound round the other half ^ 
Ae bar. The extremities of the first set of wires are in i 

metallic connection with a circular disc, which dips into 
a eup of mercury, while the ends of the other ten wires 
kk the opposite direction are soldered to a projectipg 
screw-piece, which carries a slip of copper with twe 
opposite points. The steel magnet is stationary; but 
when the armature, together with its appendages, is 
made to rotate vertically, the edge of the disc always 
remains immersed in the mercury, while the points of 
&e copper slip alternately dip in it and rise above it. 
By the ordinary laws of induction, the armature becomes 
atemporaiy magnet while its bent ends are opposite 
the poles of the steel magnet, and ceases to be magnetic 
when they are at right angles to them. It imparts its 
tempctfary magnetism to the helices which concentrate 
it ; and while one set conveys a current to the disc, the 
other set oonducts the opposite current to the copper slip. 
As the edge of the revolving disc is always immersed m 
the mercury, one set of wires is constantly maintained 
in contact with it, and the circuit is only completed 
when a point of the copper slip dipiB in ihe mercuiy 
also ; but &e chrcuit is broken the moment that point 
rises above it. Thus, by the rotation ai the armature, 
the circuit is alternately broken and renewed ; and as 
il JB enl^r atihese moments tbai electric action is mani- 
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fested, a brilliiuit spiirk takm place every time the cop* 
per point leaves tiie aurface of the mereuiy. PlathM 
wire is ignited, shocks smarts enough to be diaagreeabla 
are gKveo, and water is decomposed with astonishiog 
rapidity by the same means ; which proves beyond » 
doabt the identity of the magnetic and electric agencie% 
and places Dr. Faraday, whose experiments established 
the principle, in the first rank of experimental frihilnio* 
phers. 


Section XXXIV. 


Electrici^ {arodvced by Rotation—Direction of the Currenta — Eleetri<9^ 
from the Rotation of a Magnet — ^M. Arago's Experiment explained*- 
Rotation of % Plate of Iron beCween the P^i of a Magnet—Relatiflu of 
Stthatancet to Magnets of three kinds— Thenni>-£leGtricit]r. 

M. Araoo discovered an entirely new somrce of mag* 
netism in rotatory motioo. If a circular plate of copper 
be nttde to revolve immediately above or bek)W a mag- 
netic needle or magnet, suspended in such a manner 
l^at the magnet may rotate in a plane paraUei to that of 
liie copper plate, the magnet tends to follow the eircum- 
volnlaon of the plate ; or if the magnet revolves, the 
plate tends to mllow its motion: so powerful is the 
effect, that magnets and pktes of many pounds wdg^ 
have been carried round* This is quite independent ot 
the motion of the air, since it is tlie same when a pane 
of ^ass is interposed between the magnet and the cop* 
per. Whan tiie m&gnet and tlie plate are at rest, not 
the smallest effect, attractive, repulsive, or of any kind, 
can be perceived between them. In describing this 
phenomenon, M. Arago states that it takes place not 
only with metals, but with aU substances, solids, liquids, 
and even gases, although the intensity depends upon 
tile kind of substance in motion. Experiments made 
by Dr. Faraday explain this singular action. A plate 
of copper, twelve inches in diameter and one-fifUi of aa 
inch thick, was placed between the poles of a powerful 
horseshoe magnet, and connected at certiun points with 
a galvanometer by copper wires. When the plate was 
at rest no effect was produced ; but as soon as the plate 
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WM made to revolve rspidlj, the golnuiometer needla 
WHS deflecMd •ometimeg as mnch as 90°, and, bj b. udi- 
fonn rotatioa, €h« deflectioa wu coustuitlj inBintained 
aX 45°. When the mo^n of the copper plat« wu re- 
▼ersed, the needle was deflected in the contraiy direc' 
tkm, and tlins a permanent cnrrent of electrin^ waa 
Ovolved bj an ordinaiy magoet. The intensi^ of ths 
electrici^ collected by the wirei, and cooTeyed by them 
to the gBlTBDometer, varied with the poaitiou of ihs 
plate relatively to the poles of the magnet. 

The motion of the electricity in the copper plate may 
be conceived by considering, that merely by moving a 
single wire like the spoke of a wheel before a magnetic 
pole, a current of electricity tends to flow through it 
from one end to the other. Hence, if a wheel be coa- 
■Diicted of a great many Boch spokes, and revolved 
near the pole of a magnet in the manner of the copper 
disc, each radius or spoke will tend to have a i^arrent 
produced In it as it paaaes the pole. Now, a* the 
cboular plate is nothing more than an infinite nnmber 
of radii or sptAes in contact, the currents will flow in 
the direction of &e ladii if a chaunel be open (or iheit 
return, and in a continaons plate that channel is affin^led 
by the lateral portdons on each side of the particiikr 
radius close to the magnetic pole. This hypothesiB ii 
confirmed by observation, for the currents of positJTa 
electricity set from the center to the circumferenee, and 
the negative from the circumference to the center, and 
viix vertd, according to the poratioD of the magoetjo 
poles and the direction of rotation. So that a collecting 
wire at the center of the copper plate conveys positive 
electricity to the galvanometer in one case, and ne^ive 
in another; that collected by a conducting wire in con> 
tact with the circumference of the plate w always the 
opposite of the electricity conveyed from the centor. 
It is evident that when the plate and magnet are boA 
rt rest, no effect takes place, since the electric currenta 
which cause the deflection of the galvenometor ceaa« 
altogether. The aame phenomena may be prodnced by 
elecli^-magnetB. The effects are similar when the 
magnet rotates and the plate remains at rest. When 
dw magnet revi^vei uniformly, about its own axis, elec- 


Bfeci . XXJCIV. DlRBCriON OF TH£ CURRENIU 327 

tricity of the same kind is coUected at its poles, and the 
opposite electricity at its equator. 

The phenomena which take place in M. Arago's 
experiments may be explained on this principle. When 
both the copper plate and the magnet are revolving, the 
action of the induced electric current tends continually 
to diminish their relative motion, and to bring the mov- 
ing bodies into a state of relative rest : so that if one be 
made to revolve by an extraneous force, the other will 
tend to revolve about it in the same direction, and with 
the same velocity. 

When a plate of iron, or of any substance capable of 
being made either a temporary or permanent magnet, 
revolves between the poles of a magnet, it is found that 
dissimilar poles on opposite- sides of the plate neutralize 
each other's effects, so that no electricity is evolved; 
whijie similar poles on each side of the revolving plate 
increase the quantity of electricity, and a single pole 
end-on is sufficient. But when copper, and substances 
not sensible to ordinary magnetic impressions, revolve, 
similar poles on opposite sides of the plate neutralize 
each other; dissimilar poles on each side exalt the 
action ; and a single pole at the edge of the revolving 
plate, or end-on, does nothing. This forms a test for 
distinguishing the ordinary magnetic force from that 
produced by rotation. If unlike poles, that is, a north 
and south pole, produce more effect than one pole, die 
force will be due to electric currents ; if similar poles 
produce more effect than one, then the power is not 
electric. These investigations show that there are 
really very few bodies magnetic in the manner of iron. 
Dr. Faraday therefore arranges substances in three 
classes, with regard to their relation to magnets : — ^those 
affected by the magnet when at rest, like iron, steel, 
and nickel, which possess ordinary magnetic properties; 
those affected when in motion, in which electric cur- 
rents are evolved by the inductive force of the magnet, 
such as copper ; and, lastly, those which are perfectly 
indifferent to the magnet, whether at rest or in motion. 

It has already been observed, that three bodies are 
requisite to form a galvanic circuit, one of which must 
be fluid. But in 1822, Professor Seebeck, of Berlin, 
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discovered tibat electric currents may be produced bjf 
the partial application of heat to a circuit formed of two 
solid conductors. For example, when a semlnirBle of 
bismuth, joined to a semicircle of antimonj, so as to fom 
a ring, is heated at one of the junctions by a lamp, a 
current of electricity flows throng the drcnit from ihe 
antimony to the bismuth, and such ihermo-^ectric ear* 
rents produce all the electro-magnetic efiects. A eooir 
pass needle placed either within or without the circuit, 
and at a small distance from it, is deflected from its na- 
tural position, in a direction corresponding to the way in 
which the electricity is flowing. If such a ring be sus-. 
pended so as to move easily in any directioo, it will obey 
the action of a magnet brought near it, ai^ may erei| 
be made to revolve. According to the researches of M. 
Seebeck, the same substance, unequally heated, ezhibifii 
electrical currents ; and M. Nobili observed, that in all 
metals, except zinc, iron, and antimony, the electricity 
flows from the hot part toward that which is cold. That 
philosopher attributes terrestrial magnetism to a difier- 
ence in the action of heat on the various substanees of 
which the crust of the earth is composed ; and in con- 
firmation of his views he has produced electrical currents 
by the contact of two pieces of moist clay, of which ono 
was hotter than the other. 

M. Becquerel constructed a thermo-electric battery of 
one kind of metal, by which he has determined the re- 
lation between the heat employed and the intensity of 
the resulting electricity. He found that in most metals 
the intensity of the current increases with the heat to a 
certain limit, but that this law extends much farther in 
metals that are difficult to fuse, and which do not rust. 
The experiments of Professor Gumming show that the 
mutual action of a magnet and a thermo-electric current 
is subject to the same laws as those of magnets and gal- 
vanic currents, consequent^ all the phenomena of repnol 
sion, attraction, and rotation may be exhibited by a thermo- 
electric current. M. Botto, of Turin, has decomposed 
water and some solutions by thermo-electricity; and 
very recently the Cav. Antinori of FlcMrence has suc- 
ceeded in obtaining a brilliant spark with the aid of aa 
electro-dynamic coil. 
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Tke {Hiiieiple of thermo^eledrieityfaas been employed 
by MM. Kobiti and MeUoni for measuring exlareiiije^ 
minute qnantilaes of heat in their experiments on tlue 
iostaotaneoas transmission of radiant caloric. The 
Ihermo-multiplier, which they constructed £nr that puir- 
pose« consists of a series of alternate bars, or r^her fine 
wires of bismuth and antimony^ placed si^e by side, and 
the extremities alternately soldered together. When 
heat is applied to one end of this apparatus, the other 
remaining at its natural temperature, currents of elec- 
tricity flow through each pair of bars, which are conveyed 
by wires to a delicate galvanometer, the needle of whidb 
points out the inten«Qr of the electricity conveyed, and 
oonBequently that of the heat employed. This instru- 
ment is so delicate that the comparative warmth of dif* 
ferent insects has been ascertained by means of it. 


Section XXXV. 

TIm Acilim at Tvmstrial Magnetiam upon Electric C mTcnto 6i^hwti<m 
of SI»otnc Coiwnta by Terrestnal Ififaetiai— Tb* Earth Ifeum^tfe by 
Indaction— Mr. Barlow's Experiment of an Artificial Sphere— The Heat 
of the Svm the Probeble Catise of Electric Cnrrents in the Crait of the 
Earth ; and of the Variationa im Terreabiail MagMtiam— Ekctxiotty of 
Metallic Veins— Terrestrial Magnetism possibly owing to Rotatioor- 
Magnetic Properties of the Celestial Bodies— Identity of the Five Kinds 
of Etactricity--CQnneetiQn between Light, Heat, and Eleetrieity or Mag» 
netism. 

In all the experiments hithwto described, artificial 
magnets alone were used; but it is obvious that the 
magnetism of the terrestrial spheroid, which has so 
powerful an influence on the mariner's compass, must 
also aflect electrical currents. It consequent^ appears 
that a piece of copper wire bent into a rectangle, and 
&ee to revolve on a vertical axis, arranges itself with its 
gHane at right angles to the magnetic meridian, as soon 
as a stream of electricity is sent through it. Under the 
same circumstances a similar rectan^e, suspended on a 
horizontal axis at right angles to the magnetic meridian, 
assumes the same incUnation vnth the dipping needle ; 
so that terrestrial magnetism has the same influence on 
electrical currents as an artificial magnet. But ibm 
magnetic ai*.tioo of the earth also induces electric cur* 

ee3 
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raiti. When a hollow helix of copper wire, whose 
estremities are connected with the gahranometer, is 
l^aced in the magnetic dip, and suddenly inreited sev- 
eral times, accommodating the motion to the osclBations 
of the needle, the latter is soon made to Tibrate through 
an arc of 80° or 90°. Hence it is evident, that what- 
ever may be the cause of terrestrial magnetism, it pro- 
duces currents of electricity by its direct inductive power 
upon a metal not capable of exhibiting any of the ordi- 
nary magnetic properties. The action on the galvanom- 
eter is much greater when a cylinder of s<St iron is 
inserted into the helix, and the same results follow the 
simple introduction of the iron cylinder into, or removal 
out of, the helix. These effects arise from the iron 
being made a temporary magnet by the inductive action 
of terrestrial magnetism ; for a piece of iron, such as a 
poker, becomes a magnet for the time, when placed in 
the line of the magnetic dip. 

M. Biot has formed a theory of terrestrial magnetism 
upon the observations of M. de Humboldt as data. As- 
suming that the action of two opposite magnetic poles 
of the earth upon any point is inversely as the squares 
of the distances, he obtains a general expression for the 
direction of the magnetic needle, depending upon the 
distance between the north and south magnetic poles ; 
so that if one of these quantities varies, the ccn-respond- 
ing variation of the other will be known. By making 
the distance between the poles vary, and comparing the 
resulting direction of the needle with the observations 
of M. de Humboldt, he found that the nearer the poles 
are supposed to approach to one another, the more the 
computed and observed results agree; and v?faen the 
poles were assumed to coincide, or nearly so, the differ- 
ence between theory and observation is the least possi- 
ble. It is evident, therefore, that the earth does not 
act as if it were a permanently magnetic body, the dis- 
tinguishing characteristic of which is, to have two poles 
at a distance from one another. Mr. Barlow has inves- 
tigated this subject with much skill and success. He 
Arst proved that the magnetic power of an iron sphere 
resides in its surface ; he then inquired what the super- 
ficial action of an irou sphere in a state of transient mag- 
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<ietic indadaon, on a magnetized needle, would be, if 
insulated from the influence of terrestrial magnetism. 
The results obtained, corroborated by the pfofonnd 
malysis of M. Pmsson, on the hypothesis of tlie two 
poles being indefinitely near the center of the sphere, 
ire identieal with those obtained by M< Biot for the 
earth from M. de Humboldt's obserrations. Whence 
itfbllows, that the laws of terrestrial magnetism deduced 
from the formolaB of M. Biot, are inconsistent with those 
which belong to a permanent magnet, but that they are 
perfectly concordant with those Monging to a body in a 
state of transient magnetic induction. The earth, mere- 
fore, is to be considwed as only transiently magnetic by 
induction, and not a real magnet. Mr. Barlow has ren- 
dered this extremely probable by forming a wooden 
globe, with grooTos admitting of a copper wire being 
coiled round it parallel to the equator from pole to pole. 
When a current of electricity was sent through the 
wire, a magnetic needle suspended above the g^obe, and 
neutralized frt>m the influence of the earth's magnetism, 
tahibited all the phenomena of the dif^nng and varia- 
tion needles, according to its positions Wi£ regurd to 
the wooden globe. a1 there can be no doubt that the 
same phenomena would be exhibited by currents of 
thermo, instead of Voltaic electricity, if die grooves of 
the wooden globe were filled by rings constituted of two 
metals, or of one metal unequally heated, it seems highly 
probable that the heat of the sim may be a great agent 
in developing electric currents in or near the surfiice of 
earth, by its action upon the substances of which the 
g^be is composed, and by changes in its intensity, may 
occasion the diurnal variation of the compass, and the 
other vicissitudes in terrestrial magnetism evinced by 
the disturbance in the direction of the magnetic lines, in 
the same manner as it influences the parallelism of the 
isothermal lines. That such currents do exist in metal- 
liferous veins appears from the experiments of Mr. Fox 
in the Cornish mines. Even since the last edition of 
this book was published, Mr. Fox has obtained additional 
proof of the activity of electro-magnetism under the 
earth's surface. He has shown that not only the nature 
of the metalliferous deposits must have been determined 
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by their relative electrical eondttioDS, Imt that the diree- 
tion of the metallic wernA must have been iDflueoced fagr 
the directioB of the magnetic mmridians ; and in hct 
almost all the metallir. d^[M>nts in the world tend from 
east to west, or from nerdieast to southwest. Theo^ 
it is impossible to say in the present state of our knowl- 
edge, how &r the sun may be eancemed in the ph»* 
nomena of terrestrial magnetism, it is probable that the 
secular and periodic distarbances in the magnetic force 
are occasioned by a varied of other combining circnm- 
stances. Among these M. Biot mentions the vicinitj of 
mountain chfuns to the place of observation, and still 
more &e action of extensive volcBnie fires, which change 
the chemical state of l^e terrestrial surface, they them- 
selves varying from age to age, some becoming extinct, 
while others burst into activity. Should the ethereal 
medium which fills space be the same with the electric 
fluid, as M. Mossotti supposes, may not the beat oi the 
sun rarefy it at the earth's equator, and thus by the in** 
equality of its distribution, and its superior density at 
the poles, occasion some of the magnetic phenomena of 
the globe ? and may not the sun's motion in declinatioo 
cause temporary variations of density in the fluid, and 
produce periodic changes in the magnetic equator and 
intensity ? Were this liie case, all the planets wooid 
be magnets like the earth, beilig precise^ in similajr <«•» 
cnmstances. 

It is moreover probable, that terrestrial magnetism 
may be owing, in a certain extent, to the earth's rota* 
tion. Dr. Faraday has proved tJiat all the phenomena 
of revolving plates may be produced by the inductive 
action of the earth's magnetism alone. If a copper plate 
be connected with a galvanometer by two copper wires, 
one from the center and anotlier from the circumference, 
in order to collect and convey the electricity, it is found 
that when the plate revolves in a plane passing tiut>u|^ 
the line of the dip, die galvanometer is not affected. 
But as soon as the plate is inclined to that plane, elec-* 
tricity begins to be developed by its rotation ; it becomes 
more powerful as the incMnation increases, and arrives 
at a maximum when the plate revolves at right angles to 
the line of the dip. When the revolu^n is in the same 
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t&rectioa with that of the haeds of a wateh, the current 
of electricity flows fi'om its center to the circumference ; 
and when the rotation is in the opposite direction, the 
cttrrent sets the contrary way. The greatest deviation 
of the galvanometer amounted to 50° or 60°, when the 
direction of the rotation was accommodated to the oscU- 
latiotts of thd needle. Thus a copper plate, revolving in 
a plane at right angles to the line of the dip, forms a new 
electrical machine, differing from the common plate- 
glass machine, by the material of which it is composed 
being the meet perfect conductor, whereas glass is the 
most perfect non-conductor ; besides, insulation, which 
i» essential in the glass machine, is fatal in the copper 
ooe. The qimnttty of electricity evolved by the metal 
does not appear to be inferior to that developed by the 
glass, though very different in intensity. 

From the experiments of Dr. Faraday, and also from 
theory, it is possible that the rotation of the earth may 
produce electric currents in its own mass. In diat case^ 
they would flow superficially in the meridians, and if 
collectors could be applied at the equator, and poles, as 
in the revolving plate, negative electricity would be coU 
lected at the equator, and positive at the poles ; that is 
to say, there would be a deficiency at the equator and a 
redundancy at the poles ; but without something equiv- 
alent to conductors to complete the circuit, these cur- 
rents could not exist. 

Since the motion, not only of metals but even of fluids, 
when under the influence of powerful magnets, evolves 
electricity, it is probable that the gulf-stream may exert 
a sensible influence upon the forms of the lines of mag- 
netic vsfiation, in consequenoe of electric currents mov- 
ing across it, by Hie electro-magnetic induction of the 
earth. Even a ship, passing over l&e surfSEu;e of the 
water in northern or southern latitudes, ought to have 
electric currents Htnning directly ^across the fine of her 
motion. Dp. Faraday observes, that such is the fiicility 
with which electricity is evolved by the earth's magnet- 
tsm« that scattm any piece of metal can be moveKi in 
ooBtact with others withoiit a development of it, and 
ooBsequantty, among the arrangements of steam-eng^net 
aad naMilto mteh[inei7, cvnoos 0lec6ro-iii8gDetic cooeh 
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binations probably ezistf which have never yet been 
ticed. 

Acoordiog to the observations of MM. Biot and Gay- 
Lnssac, during their aiSrostatic expedition, the nngnetie 
action is not confined to the sar&ce of the earth, but 
extends into space. The moon has become highly 
magnetic by induction, in consequence of her proximity 
to the earth, and because her greatest diameter always 
poiots toward it. Her influence on terrestrial magnetism 
is now ascertained : the magnetism of the hemisphere 
that is turned toward the ei^th attracts the pole of our 
needles that is turned toward the south, and increases 
the magnetism of our hemisphere ; and as the magnetic, 
like the gravitating force, extends throng space, the 
-induction of the sun, moon, and planets must occasion 
perpetual variations in the intensity of terrestrial mag- 
netism, by the continual changes in their relative posi- 
tions. 

In the brief sketch that has been given of the Biwe 
kinds of electricity, those points of resemblance have 
been pointed out which are characteristic of one indi- 
vidual power. But as many anomalies have been lately 
removed, and the identity of the different kinds placed 
beyond a doubt by Dr. Faraday, it may be satis&ctory 
to take a summaiy view of the various coincidences in 
their modes of action on which their identity has been so 
ably and completely established by that great electrician. 

The points of comparison are attraction and repulsion 
at sensible distances, discharge from points through air, 
the heating power, magnetic influence, chemical decom- 
position, action on t^e human frame, and lastly, the spark. 

Ordinary electricity is readily discharged from points 
through air, but Dr. Faraday found that no sensible ef- 
fect takes place from a Voltaic battery consisting of 140 
double plates, either throi^gh air or in the eubausted 
receiver of an air-pump, the tests of the discharge being 
the electrometer and chemical action, — a circumstance 
owing to the small degree of tension, for an enormous 
quantity of electricity is required to make these effects 
sensible, and for that reason they cannot be expected 
from the other kinds, which are much inferior in de- 
gree. Common electrici^ passes easily through rare- 
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fied and hot air, and also through flame. Dr. Faraday 
effected chemical decomposition and a deflection of the 
galvanometer by the transmission of Voltaic electricity 
through heated air, and observes that these experiments 
are only cases of the discharge which takes place through 
air between the charcoal terminations of the poles of a 
powerful battery when they are gradually separated 
after contact — ^for the air is then heated. Sir Humphry 
Davy mentions that, with the original Voltaic apparatus 
at the Royal Institution, the discharge passed through 
four inches of air ; that, in the exhausted receiver of an 
air-pump, the electrici^ would strike through nearly 
half an inch of space, and the combined effects of rare- 
fiiction and heat upon the included air were such as to 
enable it to conduct the electricity through a space of six 
or seven inches. A Leyden jar may be instantaneousb^ 
charged with Voltaic, and also with magneto-electricity 
— another proof of their tension. Such effects cannot be 
obtained from the other kinds, on account of their weak- 
ness only. 

The heating powers of ordinary and Voltaic electri- 
city have long been known, but the world is indebted to 
Dr. Faraday for the wonderful discovery of the heatine 
power of the magnetic fluid : there is no indication <n 
neat either from tibe animal or thermo electricities. All 
kinds of electricity have strong magnetic powers, those 
of the Voltaic fluid are highly exalted, and the existence 
of the magneto and thermo electricities was discovered 
by their magnetic influence alone. The needle has 
been deflected by all in the same manner, and magnets 
have been made by all according to the same laws. 
Ordinary electricity was long supposed incapable of de- 
flecting the needle ; M. Colkdon and Dr. Faraday how- 
ever have proved that, in this respect also, ordinary elec- 
tricity agrees with Voltaic, but that time must be allowed 
for its action. It deflected the needle, whether the cur- 
rent was sent through rarefied air, water, or wire. 
Numerous chemical decompositions have been effected 
by ordinary and Voltaic electricity, according to the 
same laws and modes of arrangement. Dr. Davy de- 
composed water by the electricity of the torpedo, — ^Dr. 
Faraday accomplished its decomposition, and Dr. Ritchie 
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ito composition, by means of magoetic acMon ; and M. 
Bolto of Turin has shown the <3iemical effects of the 
tbermo-electricity in the decomposition of water, and 
tome other substances. The electric and galvanic 
shock, the flash in the eyes, and the sensation on the 
tongue, are well known. All these effects are produced 
by magneto-electricity, even to a painful degree. The 
torpedo and gymnotus electricus give severe shocks, and 
the limbs of a frog have been convulsed by thermo-elec- 
tricity. The last point of comparison is the spark, 
whico is common to the ordinary Voltaic and magnetic 
fluids ; and Professor Linari, of Siena, has very latefy 
obtained both the direct and induced spariis from the 
torpedo, Tprmin^ that in this respect animal electricity 
does not differ from the others. Indeed, the oonchisioD 
drawn by Dr. Faraday is that the five kinds of electri- 
city are identical, and that l^e differences of intensity 
aad quantity are quite sufficient to account for what 
were supposed to be their distinctive quafities. He has 
mven stUl greater assurance of their identity by showing 
Slat the magnetic force and the chemical action of elec- 
tricity are in direct proportion to the absdJute quantity 
of the fluid which passes through the galvanometer, 
Whaitever its intensity may be. 

In light, heat, and electricity, or magnetism, nature 
has exhibited principles which do not occasion any ap- 
preciable change in the Weight of bodies, alAough their 
presence is mcmifested by the most remarkable mechan« 
Msal and chemical action. These agencies are so con- 
nected, that there is reason to bel^ve they will ulta- 
mafeely be referred to some one power of a higher order, 
m conformity with the general economy of 3ie system 
of the world, where the most varied and complicated 
effscts are paroduced by a smaU number of universal 
laws. These principles penetrate matter in all direc- 
tioiM ; their velodty is prodigious, and their intensity 
laries inverseh^ as the squares of tlie distances. The 
doTelopment c[ electric currents, as weU by magnetic 
as electric induction, the similariQr in their mode of ac- 
tion in a great variety of chctunstances, but above all, 
tbe production of the spark from a magnet, the ignition 
ef metallic wiMs, and ohemioal deoompoaition, shim that 
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magnetism can no longer be regarded as a separate in- 
dependent principle. Although die evolution of light 
and heat during the passage of the electric fluid may be 
from the compression of the an*, jet the development 
of electricity by heat, the influence of heat on magnetic 
bodies, and that of light on the vibration of the compass, 
show an occult connection between all these agents, 
which probably will one day be revealed. In the mean 
time it opens a noble field of experimental research to 
philosophers of the present, perhaps of future ages. 


Section XXXVI. 

Ethereal Medinm — Comets — Do not disttirt} the Solar' System— Their 
Orbits and Disturbances — M. Faye's Comet, probably the same witlf 
Lezel's — ^Periods of other three Known — ^Halley's — Acceleration in the 
Mean Motions of Encke's and Biela's Comets—The Shock of a Comet — 
Distnrbinr Action of the Earth and Planets on Encke's and Biela't 
Comets— Velocity of Comets — The Great Comet of 1843 — Physical Con- 
stitation — Shine by borrowed Light-^Estimation of their Number. 

In considering the constitution of the earth and the 
fluids which surround it, various subjects have presented 
themselves to our notice, of which some, for aught we 
know, are confined to the planet we inhabit ; some are 
conunon to it and to the other bodies of our system. 
But an all-pervading ether probably fills the whole visi- 
ble creation, and conveys, in the form of light, tremors 
which may have been excited in the deepest recesses 
of the universe thousands of years before we were called 
into being. The existence of such a medium, though 
at first hypothetical, is nearly proved by the undulatory 
theory of light, and rendered all but certain within a 
few years by the motion of com^ets, and by its action 
upon the vapors of which they are chiefly composed. 
It has ofi;en been imagined, that, in addition to the ef- 
fects of heat and electricity, the tails of comets have 
infused new substances into our atmosphere. Possibly 
the earth may attract some of that nebulous matter, 
since the vapors raised by the sun's heat, when the 
comets are in perihelio, and which form their tails, are 
scattered through space in their passage to their aphe- 
lion; but it has hitherto produced no effect, nor have 
Q2 J?F 
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the seasons ever been infliiencecl by these bodies. The 
light of the comet of the year 1811, which was so bril- 
liant, did not impart any heat even when condensed on 
the bulb of a thermometev, of a structure so delicate 
that it would have made the hundredth part of a degree 
evident. In all probability, the tails of comets may have 
passed over the earth without its inhabitants being con- 
scious of their presence ; and there is reason to believe 
that the tail of the great comet of 1843 did so. 

The passage of comets has never sensibly disturbed 
the stability of the solar system ; their nucleus, being in 
general only a mass of vapor, is so rare, and their transit 
so rapid, that the time has not been long enough to ad- 
mit of a sufficient accumulation of impetus to produce a 
perceptible action. Indeed M. Dusejour has proved, 
that under the most favorable circumstances, a comet 
cannot remain longer than two hours and a half at a less 
distance from the earth than 10,500 leagues. The 
eomet of 1770 passed within about six times the distance 
of the moon from the earth, without even affecting our 
tides. According to La Place, the action of the earth 
on the comet of 1770 augmented the period of its revolu- 
tion by more than two days ; and if comets had any per- 
ceptible disturbing energy, the reaction of the comet 
ought to have increased the length of our year. Had 
the mass of that comet been equal to the mass of the 
earth, its disturbing action would have increased the 
length of the sidereal year by 2^ 53"*; but as Delambre's 
computations from the Greenwich observations of the 
sun show that the length of the year has not been in- 
creased by the iraction of a second, its mass could not 
have been equal to the T^^^th part of that of the earth. 
This accounts for the same comet having twice swept 
through the system of Jupiter's satellites without de- 
ranging the motion of these moons. M. Dusejour has 
computed that a comet, equal in mass to the earth, pass- 
mg at the distance of 12,150 leagues from our planet, 
would increase the length of the year to 367'' 16^ 5", and 
the obliquity of the ecliptic as much as 2°. So the 
principal action of comets would be to alter the calendar, 
even if they were dense enough to affect the earth. 

Comets traverse all parts of the heavens ; their paths 
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have every possible inclination to the plane of the eclip- 
tict and, unlike the planets, the motion of more than 
half of those that have appeared has been retrograde, 
that is, from east to west. They are only visible when 
near their perihelia; then dieir velocity is such, that its 
square is twice as great as that of a body moving in a 
circle at the same distance : they consequently remain 
but a very short time within the planetary orbits. And 
as all the conic sections of the same focal distance sen- 
sibly coincide, through a small arc,^ on each side of the 
extremity of their axis, it is difficult to ascertain in which 
of these carves the comets move, from observations 
made, as they necessarily must be, at their perihelia 
(N. 220). Probably they all move in extremely eccen- 
tric ellipses ; although in most cases the parabolic curve 
coincides most nearly with their observed motions. 
Some few seem to describe hyperbolas ; such, being once 
visible to us, would vanish forever, to wander throu^ 
boundless space, to the remote systems of the universe. 
If a planet be supposed to revolve in a circular orbit, the 
radius of which is equal to the perihelion distance of a 
comet moving in a parabola, the areas described by these 
two bodies in the same time will be as unity to the 
square root of two, which forms such a connection be- 
tween the motion of comets and planets, that by Kep- 
ler's law, the ratio of the areas described during the 
same time by the comet and the earth may be found. 
So that the place of a comet may be computed at any 
time in its parabolic^ orbit, estimated from die instant of 
its passage at the perihelion. It is a problem of very 
great difficulty to determine all the other elements of 
parabolic motion — ^namely, the comet's perihelion dis- 
tance, or shortest distance from the sun, estimated in 
parts of the mean distance of the earth from the sun; 
the longitude of the perihelion ; the inclination of the 
ortMt on the plane of the ecliptic ; and the longitude of 
the ascending node. Three observed longitudes and 
latitudes of a comet are sufficient for computing the ap- 
proximate values of these quantities; but an accurate 
estimation of them can only be obtained by successive 
corrections, from a number of observations, distant from 
one another. When the n:!oi»>n of a comet is retrograde. 
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thn i^aee of file aseendiiig nude is exactly opposite to 
what it is when the motion is direct. Hence the place 
€i£ the ascending node^ together witli the direction of the 
comef s motion, show whether the inclination of the 
orbit is on the north or south side of the plane of the 
ecliptic. If the motion be direct, the inclination is on 
the north side ; if retrograde, it is on the south side* 

The identity of the elements is the only proof of the 
return of a comet to our system. Should the elements 
of a new comet be the same, or nearly the same, with 
those of any one previously known, the i»t>bability of 
tiie identity of the two bodies is very great, since the 
similarity extends to no less than four elements, every 
one of which is capable of an infinity of variations. But 
even if the orbit be determined with all the accuracy the 
case admits of, it may be difficult, or even impossible, 
to recognize a comet on its return, because its orbit 
would be very much changed if it passed near any of 
liie large planets of this or jof any other system, in eon- 
sequence of their disturbing energy, which would be 
very great on bodies of so rare a nature. 

By &i the most curious and interesting instance of 
tiie disturbing action of the great bodies of our system 
is found in the comet of 1770. The elements of its or- 
bit, determined by Messier, did not agree with those of 
any comet that had hitherto been computed, yet Lexel 
ascertained that it described an ellipse about the sun, 
whose major axis was. only equal to three times the 
length of tile diameter of the terrestrial orbit, and con- 
sequently that it must return to the sun at intervals of 
five years and a half. This result was confirmed by 
numerous observations, as the comet was visible through 
an arc of 170° ; yet this comet had never been observed 
before tlie year 1770, nor has it ever again been seen 
till 1843, t}M>ugh very brilliant. The disturbing action 
of the larger planets afiibrds a solution of this anomaly, 
as Lexel ascertained that in 1767 the comet must have 
passed Jupiter at a distance less than the fifty-eighth 
part of its distance from the sun, and that in 1779 it 
would be 500 times nearer Jupiter than the sun ; conse- 
quently the action of the sun on the comet would not be 
uie fiftieth part of what it would experience from Jupi- 
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ter, so that Japiter became the primum mobile. As- 
suming the orbit to be such as Lexel had determined in 
1770, La Place found that the action of Jupiter, previ- 
ous to the year 1770, had so completely changed the 
form of it, that the comet which had been invisible to us 
before 1770, was then brought into view, and that the 
action of the same planet producing a contrary effect, 
has subsequently to that year removed it from our sight, 
since it was computed to be revolving in an orbit whose 
perihelion was beyond the orbit of Ceres. However, 
the action of Jq^iter during the summer of 1840 must 
have been so great, from his proximity to that singular 
body, that he seems to have brought it back to its fin'mer 
path, as he had done in 1767, for the elements of the 
orbit of a comet which was discovered in November, 
1843, by M. Faye, agree so nearly with those of tile 
orbit of Lexers comet as to leave scarcely a doubt of 
their identity. From the smallness of the ecceotridl^, 
the orbit resembles those of the planets, but this comet 
is liable to greater perturbations dian any other body in 
the system, because it comes very near the orbit of 
Mars when in perihelion, and very near Ihat of Jupiter 
when in aphelion ; besides, it passes within a compasa« 
tively small distance of the orbits of the minor pianets, 
and as it will continue to cross the orbit of Jupiter at 
each revolution taU the two bodies meet, its periodic 
time, now about seven years, wiU again be changed, but 
in the mean time it ought to return to its perihelion in 
the year 1851. This comet might have been seen from 
the earl^ in 1776, had its light not been eclipsed by that 
of the sun. It is quite possible that comets frequenting 
our system may be turned away, or others brought to 
the sun, by the attraction of planets revolving beyond 
the orbit of Uranus, or by bodies still farther removed 
&om the solar influence. 

Other three comets, liable to less ^sturbanoe, return 
to the sun at stated intervals. Halley computed the 
elements of the orbit of a comet that appeared in the 
year 1682, which agreed so nearly with those of the 
iximets of 1607 and 1531, that he concluded it to be the 
same body returning to the sun Ht intervals of «bout 
seventy-five years. Me consequently predieled its ve- 
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appearance in the year 1758, or in the beginning of 
1759. Science was not sufficiently advanced in the time 
of Halley, to enable him to determine the perturbations 
this comet might experience; but Clairaut computed, 
that in consequence of the attraction of Jupiter and 
Saturn, its periodic time would be so much shorter than 
during its roTolution between 1607 and 1682, that it 
would pass its perihelion on the 18th of April, 1759. 
The comet did arrive at that point of its orbit on the 12th 
of March, which was thirty-seven days before the time 
assigned. Clairaut subsequently rec^^ced the error to 
twenty-three days ; and La Place has since shown that 
it would only have been thirteen .days if the mass of 
Saturn had been as well known as it is now. It appears 
firom this; that the path of the comet was not quite known 
at that period ; and although many observations were 
then made, they were far from attaining the accuracy of 
those of the present day. Besides, since the year 1759 
the orbit of the comet has been altered by the attraction 
of Jupiter in one direction, and that of the earth, Saturn, 
and Uranus, in the other; yet, notwithstanding these 
sources of uncertainty, and our ignorance of aD the pos- 
sible causes of derangement from unknown bodies on 
the confines of our system, or in the regions beyond it, 
the comet has appeared exactly at the time, and not far 
from the place, assigned to it by astronomers ; and its 
actual amval at its perihelion a little before noon on the 
16th of November, 1835, only differed from the com- 
puted tame by a very few days. 

The fulfilment of this astronomical prediction is truly 
wonderful if it be considered that the comet is seen only 
f(Mr a few weeks, during its passage through our system, 
and that it wanders from the sun for seventy-five years 
to twice the distance of Uranus. This enormous wbit 
is four times longer than it is broad ; its length is about 
3420 millions of miles, or about thirty-six times the mean 
distance of the earth from the sun. At its perihelion 
the comet comes within nearly fifi^-seven millions of 
miles of the sun, and at its aphelion it is sixty times 
more distant. On account of this extensive range it 
must experience 3600 times more light and heat when 
nearest to the sun than in 0ie most vemote point of its 
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orbit. In the one position the sun will seem to be four 
times larger than he appears to us, aod at the other he 
will not be apparently larger than a star (N. 221). 

On the first appearance of Halley's 'lomet, early in 
August, 1835, it seemed to be merely a globular mass of 
'dim vapor, without a tail. A concentration of light, a 
little on one side of the center, increased as the comet 
approached the sun and earth, and latterly looked so 
like the disc of a small planet, that it might have been 
mistaken for a solid nucleus. M. Struve, however, saw 
a central occultation of a star of the ninth magnitude by 
the comet, at Dorpat, on the 29th of September. The 
star remained constantly visible, without any considera- 
ble diminution of light ; and instead of being eclipsed, 
the nucleus of the comet disappeared at the moment of 
conjunction from the brilliancy of the star. The tail 
increased as the comet approached its perihelion, and 
shortly before it was lost in the sun's rays, it was between 
thirty and forty degrees in length. 

According to the observations of M. Valz, of Nismes, 
the nebulosity increased in magnitude as it approached 
the sun ; but no other comet on record has exhibited 
such sudden and unaccountable changes of aspect. The 
nucleus, clear and well defined, like the disc of a planet, 
was observed on one occasion to become obscure and en- 
larged in the course of a few hours. But by far the 
most remarkable circumstance was the sudden appear- 
ance of certain luminous brushes or sectors, diverging 
from the center of the nucleus through the nebulosity. 
M. Struve describes the nucleus of the comet, in the 
beginning of October, &s elliptical, and like a burning 
coal, out of which there issued, in a direction nearly op- 
posite to the tail, a divergent flame, varying in intensity, 
form, and direction, appearing occasionally even double, 
and suggesting the idea of luminous gas bursting from 
the nucleus. On one occasion M. Arago saw three of 
these divergent flames on the side opposite the tail, rising 
through the nebulosity, which they greatly exceeded in 
brilliancy : after the comet had passed its perihelion, it 
acquired another of these luminous fans, which was ob- 
seiTod by Sir John Herschel at the Cape of Good Hope. 
Hevelius describes an appearance precisely similar, 
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which he had witnessed in this comet at its approach to 
the sun in the year 1682, and something of the kind 
seems to have been noticed in the comet of 1744. Pos- 
sibly the Rocond tail of the comet of 1724, which was 
directed towai'd the sun, may have been of this nature*. 

The influence of the ethereal medium on the motions 
of Halley's comet, will be known after another revolu- 
tion, and future astronomers will learn, by the accuracy 
of its returns, whether it has met with any unknown 
cause of disturbance in its distant journey. U ndiscovered 
planets, beyond the visible boundary of our system, may 
change its path and the period of its revolution, and thus 
may indirectly reveal to us their existence, and even 
their physical nature and orbit. The secrets of the yet 
more distant heavens may be disclosed to future genera- 
tions by comets which penetrate still farther into space, 
such as that of 1763, which, if any faith may be placed 
in the computation, goes nearly forty-three times farther 
from the sun than Halley's does, and shows that the 
sun's attraction is powerful enough, at the enormous 
distance of 15,500 millions of miles, to recall the comet 
to its perihelion. The periods of some comets are said 
to be of many thousand years, and even the average time 
of the revolution of comets generally Is about a thousand 
years ; which proves that the sun's gravitatiog force ex- 
tends very far. La Place estimates that the solar at- 
traction is felt throughout a sphere whose radius is a 
hundred millions of times greater than the distance of 
the earth from the sun. 

Authentic records of Halley's comet do not extend be- 
yond the year 1456, yet it may be ti*aced, with some 
degree of probability, even to a period preceding the 
Christian era. But as the evidence only rests upon 
coincidences of its periodic time, which may vary as 
much as eighteen months from the disturbing action of 
the planets, its identity with comets of such remote 
times must be regarded as extremely doubtfuL 

This is the first comet whose periodicity has been 
established. It is also the first whose elements have 
been determined from observations made in Europe ; for 
although the comets which appeared in the years 240, 
539, 565, and 837, are t]-»e most ancient of those wb<fSA 
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orbits have been traced, their elements were computed 
4 from Chinese observations. 

Besides Halley's and LexePs comets, two others are 
now proved to form part of our system ; that is to say, 
they return to the sun at intervals, one of three years, 
and the other of 6 J years nearly. The first, generally 
called £ncke*s comet, or the comet of the short period, 
was first seen by MM. Messier and Mechain, in 1786 
again by Miss Herschel in 1805, and its returns, in the 
years 1805 and 1819, were observed by other astrono- 
mers, under the impression that all four were different 
bodies. However, Professor Encke not only proved 
their identity, but determined the circumstances of the 
comet's motion. Its reappearance in the years 1825, 
1828, and 1832, accorded with the orbit assigned by M. 
Encke, who thus established the length of its period to 
be 1204 days, nearly. This comet is very small, of 
feeble light, and invisible to the naked eye, except 
under very favorable circumstances, and in particular 
positions. It has no tail, it revolves in an ellipse of 
great eccentricity inclined at an angle of 13° 22' to the 
plane of the ecliptic, and is subject to considerable per- 
turbations from the attraction of the planets, which 
occasion variations in its periodic time. Among the 
many perturbations to which the planets are fiable, 
their mean motions, and therefore the tnajor axes of 
their orbits, experience no change ; while on the con- 
trary, the mean motion of the moon is accelerated from 
age to age — a circumstance at first attributed to the re- 
sistance of an ethereal medium pervading space, but 
subsequently proved to arise from the secular diminution 
of the eccentricity of the terrestrial orbit. Although 
the resistance of such a medium has not hitherto been 
perceived in the motions of such dense bodies as the 
planets and satellites, its effects on the revolutions of 
the two small periodic comets hardly leave a doubt of 
its existence. From the numerous observations that 
have been made on each return of the comet of the 
short period, the elements have been computed with 
great accuracy on the hypothesis of its moving in vacuo. 
Its perturbations occasioned by the disturbing action of 
the planets hfive been determined ; and after everything 
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that could iiifiuence its motion had been duly considered, 
M . Encke found that an acceleration of about two days 
in each revolution has taken place in its mean motion, 
precisely similar to that which would be occasioned by 
the resistance of an ethereal medium. And as it cannot 
be attributed to a cause like that which produces the 
acceleration of the moon, it must be concluded that the 
celestial bodies do not perform their evolutions in an 
absolute void, and that although the medium be too rare 
to have a sensible effect on the masses of the planets 
and satellites, it neveitheless has a considerable influ- 
ence on so rare a body as a comet. Contradictoiy as it 
may seem, that the motion of a body should be accele- 
rated by the resistance of an ethereal medium, the 
truth becomes evident if it be considered that both 
planets and comets are retained in their orbits by two 
forces which exactly balance one another ; namely, the 
centrifugal force producing the velocity in the tangent, 
and the attraction of the gravitating force directed to 
the center of the sun. If one of these forces be dimin- 
ished by any cause, the other will be proportionally 
increased. Now, the necessary effect of a resisting 
medium is to diminish the tangential velocity, so that 
the balance is destroyed, gravity preponderates, the 
body descends toward the sun till equilibrium is again 
restored between the two forces; and as it then de- 
scribes a smaller orbit it moves with increased velocity. 
Thus, the resistance of an ethereal medium actually 
accelerates the motion of a body ; but as the resisting 
force is confined to the plane of the orbit, it has no in- 
fluence whatever on the inclination of the orbit, or on 
the place of the nodes. In computing its effect, M. 
Encke assumed the increase to be inversely as the 
squares of the distances, and that its resistance acts as a 
tangential force proportional to the squares of the 
comet's actual velocity in each point of its orbit. The 
other comet belonging to our system, which returns to 
its perihelion after a period of 61 years, has been ac- 
celerated in its motion by a whole day during its last 
revolution, which puts the existence of ether nearly 
beyond a doubt, and forms a Strang presumption in cor- 
roboration of the undulatory theory of light. Since this 
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comet, which revolves nearly between the orbits of the 
earth and Jupiter, is only accelerated one day at each 
revolution, while Encke's, revolving nearly between the 
orbits of Mercury and Pallas, is accelerated two, the 
ethereal medium must increase in density toward the 
sun. The comet in question was discovered by M. 
Biela at Johannisberg on the 27th of February, 1826, 
and ten days afterward it was seen by M. Gkimbart at 
Marseilles, who computed its parabolic elements, and 
i found that they agreed with those of the comets which 

had appeared in tbe years 1789 and 1795^ whence he 
concluded them to be the same body moving in an 
ellipse, and accomplishing its revolution in 2460 days. 
The perturbations of this comet were computed by M. 
Damoiseau, who predicted that it would cross the plane 
of the ecliptic on the 29th of October, 1832, a little 
before midnight, at a point nearly 18,484 miles within 
the earth's orbit; and as M. Olbers of Bremen, in 1805, 
had determined the radius of the comet's head to be 
about 21,136 miles, it was evident that its nebulosity 
would envelop a portion of the earth's orbit, a circum- 
stance which caused some alarm in France, from the 
notion that if any disturbing cause had delayed the 
arrival of the comet for one month, the eiuth must have 
passed through its head. M. Arago dispelled these 
fears by his excellent treatise on comets in the An- 
nuaire of 1832, where he proves, that as the earth 
would never be nearer the comet tiian 18,000,000 
British leagues, there could be no danger of collision. 
The earth is in more danger from these two small 
comets than from any other. Encke's crosses the ter- 
restrial orbit sixty times in a century, and may ulti- 
mately come into collision; but both are so extremely 
rare, that littie injury is to be apprehended. 

The earth would fall to the sun in 641 days, if it 
were struck by a comet with sufficient impetus to de- 
stroy its centrifugal force. What tiie earth's primitive 
velocity may have been, it is impossible to say. There- 
fore a comet may have given it a shock without changing 
the axis of rotation, but only destroying part of its tan- 
gential velocity, so as to diminish the size of the orbit — a 
thing by no«rieans impossible, though highly improbable 
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At all events, there ig no proof of this having occurred , 
and it is manifest that the axis of the earth^s rotation 
has not been changed, because, as the ether offers no 
sensible resistance to so dense a body as the earth, the 
libration would to this day be evident in the variation it 
must have .occasioned in the terredti'ial latitudes. Sup- 
posing the nucleus of a comet to have a diameter only 
equal to the fourth part of that of the earth, and that its 
peiihelion is nearer to the sun than we are ourselves, its 
orbit being otherwise unknown, M. Arago has computed 
that the probability of the earth receiving a shock from 
it is only one in 281 millions, and that the chance of our 
coming in contact with its nebulosity is about ten or 
twelve times greater. Only comets with retrogade mo- 
tions can come into direct collision with the earth, and if 
the momentum were great the event might be fatal; 
but in general the substance of comets is so rare, that it 
is likely they would not do much harm if they were to 
impinge ; and even then the mischief would probably be 
local, and the equilibrium soon restored, provided the 
nucleus were gaseous, or very small. It is, however, 
more probable Siat the earth Would only be deflected a 
little from its course by the approach ot a comet, with- 
out being touched by it. The comets that have como 
nearest to the earth were that of the year 837, which 
remained four days within less than 1,240,000 leagues 
from our orbit ; that of 1770, which approached within 
about six times the distance of the moon. The cele- 
brated comet of 1680 also came very near to us ; and 
the comet whose period is 6i years was ten times nearer 
the earth in 1805 than in 1832, when it caused so much 
alarm. 

£ncke*s and Biela*s comets are at present far removed 
from the influence of Jupiter, but they will not always 
remain so, because the aphelia and nodes of the orbits 
of these two comets being the points which approach 
nearest to the orbit of Jupiter, at each meeting of the 
planet and comets which shall take place there, the 
major axis of Encke's comet will be increased, and that 
of Biela's diminished, till in the course of time, when 
the proximity has increased sufficiently, the orbits will 
be completely changed, as that of LexePs was in 1770. 
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Every twenty-third year, or after seven revdatio, 
Encke's comet, its greatest proximity to Jupiter t^ 
place, and at that time his attraction increases the ^ 
riod of its revolution by nine days — a circurastai; 
which took place in the end of the years 1820 and 1843. 
But from the position of the bodies there is a diminution 
of three days in the six following revolutions, which 
reduces the increase to six days in seven revelutions. 
Thus before the year 1819, the periodic time of Encke's 
comet was 1204 days, and it was 1219 days in accom- 
plishing its last revolution, which terminated in 1845. 
By this progressive increase the orbit of the comet will 
reach that of Jupiter in seven or eight centm-ies, and 
then by the very near approach of the two bodies it will 
be completely changed. 

At present the earth and Mercury have the most 
powerful influence on the motions of Encke's and Biela's 
comets ; and have had for so long a time that, according 
to the computation of Mr. Airy, the present orbit of the 
latter was formed by the attraction of the earth, and 
that of Encke's by the action of Mercury. With re- 
gard to the latter comet, that event must have taken 
place in February, 1776. In 1786 Encke's comet had 
both a tail and a nucleus, now it has neither ; a singular 
instance of the possibility of their disappearance. 

Comets in or near their perihelion move with pro- 
digious velocity. That of 1680 appears to have gone 
half round the sun in ten hours and a half^ moving at 
the rate of 880,000 miles an hour. If its enormous 
centrifugal force had ceased when passing its perihe- 
lion, it would have fallen to the sun in about three 
minutes, as it was then less than 147,000 miles from his 
surface. So near the sun, it would be exposed to a heat 
27,500 times greater than that received by the earth ; 
and as the sun's heat is supposed to be in proportion to 
the intensity of his light, it is probable that a degree of 
heat so intense would be sufficient to convert into vapor 
every terrestrial substance with which we are acquainted. 
At the perihelion distance the sun's diameter would be 
seen from the comet under an angle of 73°, so that the 
sun, viewed from the comet, would nearly cover the 
whole extent of the heavens from the horizon to tho 
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zenith. As this comet is presumed to liave a period of 
575 years, the major axis of its orbit mast be so great, 
that at the aphelion the sun's diameter would only sub- 
tend an angle of about fourteen seconds, which is not 
so great by half as the diameter of Mars appears to us 
when in opposition. The sun would consequently im- 
part no heat, so that the comet would then be exposed 
to the temperature of the ethereal regions, which is 58° 
below the zero point of Fahrenheit. A body of such 
tenuity as the comet, moving with such velocity, must 
have met with great resistance from the dense atmos- 
phere of the sun, while passing so near his suiface at 
its periheUon. The centrifugal force must consequently 
have been diminished, and me sun*s attraction propor- 
tionally augmented, so that it must have come nearer to. 
the sun in 1680 than in its preceding revolution, and 
would subsequently describe a smaller orbit. As this 
diminution of its orbit will be repeated at each revolu- 
tion, the comet will infallibly end by falling on the sur- 
ftce of the sun, unless its course be changed by the dis- 
turbing influence of some large body in the unknown 
expanse of creation. Our ignorance of the actual den^ 
sity of the sun's atmosphere, of the density of the 
comet, and of the period of its revolution, renders it 
impossible to form any idea of the number of centuries 

^ which must elapse before this event takes place. 

The same cause may affect the motions of the planets, 
and ultimately be the means of destroying the solar sys- 

, tern. But, as Sir John Hersohel observes, they could 
hardly all revolve in the same * direction round the sun 
for so many ages without impressing a corresponding 
motion on the ethereal fluid, which may preserve them 
from the accumulated effects of its resistance. Should 
this material fluid revolve about the sun like a v(»'tex, it 
will accelerate the revolutions of such comets as have 
direct motions, and retard those that have retrograde 
motions. 

The comet which appeared unexpectedly in the be- 
ginning of the year 1 843, was one of the most splendid 
uiat ever visited the solar system. It was in the con- 
stellafaon of Antinous in the end of January, at a dis- 
tance of 1X5 millions of miles from the earth, and it 
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|Nis8ed through its perihelion on the 27th of February, 
when it was lost in the sun*s rays ; but it began to be 
Fisible about the 3d of March, at which time it was near 
the star Iota Cetae, and its tail extended toward the 
Hare. The brightness of the comet and the length of 
its tail continued to increase till the latter stretched far 
beyond the constellation of the Hare toward a point 
above Sirius. Stars were distinctly seen through it, 
and when near perihelion the comet was so bright that 
it was seen in clear sunshine in the United States 
like a white cloud. The motion was retrograde, and 
on leaving the solar system it retreated so rapidly at 
once from the sun and earth that it was soon lost sight 
of for want of light. On the 1st of April it was between 
the sun and the earth, and only 40 millions of miles from 
the latter ; and as its tail was at least 60 milUons of 
miles long, and 20 millions of miles broad, we probably 
passed through it without being aware of it. There is 
some discrepancy in the different computations of the 
elements of the orbit, but in the greater number of 
cases the perihelion distance was found to be less than 
the semidiameter of the sun, so that the comet must 
have grazed his sui*face, if it did not actually impinge 
obliquely on him. 

The perihelion distance of this comet differs Httle 
from that of the great comet of 1668, which came so 
near the sun. The motion of both was retrograde, and 
a certain resemblance in the two orbits makes it proba- 
ble that they are the same body performing a revolution 
in 176 years. 

Though already so well acquainted with the motions 
of comets, we know nothing of their physical constitu- 
tion. A vast number, especially of telescopic comets, 
are only like clouds or masses of vapor, often without 
tails. Such were the comets which appeared in the 
years 1795, 1797, and 1798. But the head commonly 
consists of a concentrated mass of light, like a planet, 
surrounded by a very transparent atmosphere, and the 
whole, viewed with a telescope, is so diaphanous, that 
the smallest star may be seen even through the densest 
part of the nucleus ; in general their solid parts, if they 
have any, are so minute, that they have no sensible 
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diapaeter, like that of the comet of 1811, which ap- 
peared to Sir William Herschel like a luminous point 
in the middle of the nebulous matter. The nuclei, 
which seemed to be formed of the denser strata of that 
nebulous matter in successive coatings, are sometimes 
of great magnitude. Those comets which came to the 
sun in the years 1799 and 1807, had nuclei whose di- 
ameters measured 180 and 275 leagues respectively, 
and the second comet of 1811 had a nucleus of 1350 
leagues in diameter. 

It must however be stated, that as comets are gene- 
rally at prodigbus distances from the earth, the solid 
parts of the nuclei appear like mere points of light, so 
minute that it impossible to measure them wim any 
kind of accuracy, so that the best astronomers often 
ditfer in the estimation of their size, by one-half of the 
whole diameter. The transit of a comet across the sun 
would afford the best information with regard to the 
nature of the nuclei. It was computed that such an 
event was to take place in the year 1827'; unfortunately 
the sun was hid by clouds from the British astronomers, 
but^t was examined at Viviers and at Marseilles at the 
time the comet must have been projected on its disc, 
but no spot or cloud was to be seen, so that it must 
have had no solid part whatever. The nuclei of many 
comets which seemed solid and brilliant to the naked 
eye have been resolved into mere vapor by telescopes 
of high powers ; in Halley*s comet there was no solid 
pait at all. 

The nebulosity immediately round the nucleus is so 
diaphanous that it gives little light ; but at a small dis- 
tance the nebulous matter becomes suddenly brilliant, 
60 as to look like a bright ring round tiie body. 
Sometimes there are two or three of these luminous 
concentric rings separated by dark intervals, but they 
are generally incomplete on the part next the talL 

These annular appearances are an optical effect, 
arising from a succession of envelops of the nebulous 
matter with intervals between them, of which the first 
is sometimes in contact with the nucleus and sometimes 
not. The thickness of these bright diaphanous coatings 
in the comets of 1799 and 1807 were about 7000 and 
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10,000 leagues respectively ; and in die first comet of 
1811, the Ittminous ring was 8000 leagues thick, and 
the distance between its interior surface and the center 
of the head was 10,000 leagues. The latter comet was 
by much the most brilliant that has been seen in mod- 
em times ; it was first discovered in this country by Mr. 
James Vietch of Inchbonny, and was observed in all its 
changes by Sir William Herschel and M. Olbers. To 
the naked eye, the head had the appearance of an ill- 
defined round mass of light, which was resolved into 
several distinct parts when viewed with a telescope. 
A very brilliant interior circular mass of nebulous mat- 
ter was 'surrounded by a black space having a parabolic 
form, very distinct from the dark blue of the sky. This 
dark space was of a very appreciable breadth. Exterior 
to the black interval there was a luminous parabolic 
contour of considerable thickness, which was prolonged 
on each side in two diverging branches, which formed 
the bifid tail of the comet. Sir William Herschel found 
that the brilliant interior circular mass lost the distinct- 
ness of its outline as he increased the magnifying power 
of the telescope, and presented the appearance of a 
more and more diffuse mass of grednish or bluish-green 
li^t, whose intensity decreased gradually, not from the 
center, but from an eccentiic brilliant speck, supposed 
to be the trtHy solid part of the comet. The luminous 
envelop was of a decided yellow, which contrasted 
strongf$r with the greenish tint of the interior nebulous 
mass. Stars were nearly veiled by the luminous en- 
velop, while, on the contrary. Sir William Herschel saw 
three extremely smaU stars shining clearly in the black 
space, which was singularly transparent. As the en- 
velops Were formed in succession as the comet ap- 
proached the sun, Sir William Herschel conceived them 
to be vapors raised by his heat at the sur&ce of the 
nucleus, and suspended round it like a vault or dome by 
the elastic force of an extensive and highly transparent 
atmosphere. In coming to die sun, the coatings began 
to form when the comet was as distant as the orbit of 
Jupiter, and in its return they very soon entirely van-, 
ished ; but a new one was formed futer it had retreated 
88 ftr as the'orbit of Mars, which lasted, for a few days. 
2?J G r, ^ 
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Indeed, comets in general are subject to sudden and 
violent convulsions in their interior, even when far from 
the sun, which produce changes that are visible at enor- 
mous distances, and baffle all attempts at explanation, — 
probably arising from electricity, or even causes with 
which we are unacquainted. The envelops surrounding 
the nucleus of the comet on the side next to the sun, 
diverge on the opposite side, where they are prolonged 
into the form of a hollow cone, which is the tail. Two 
repulsive forces seem to be concerned in producing 
this effect ; one from the comet and another from the 
sun, the latter being the most powerful. The envelops 
are nearer the center of the comet on the side next to 
the sun, where these forces are opposed to one an- 
other: but on the other side the forces conspire to 
form the tail, conveying the nebulous particles to enor- 
mous distances. 

The lateral edges of the tail reflect more light than 
the central part, because the line of vision passes through 
a greater depth of nebulous matter, which produces the 
e&ct of two streams somewhat like the aurora. Stars 
shine with undiminished lustre through the centra-l part 
of the tail, because their rays traverse it perpendicularly 
to its thickness ; but though distinctly seen through its 
edges, their light is weakened by its oblique transmis- 
sion. The tail of the great comet of 1811 was of won- 
derfal tenuity; stars which would have been entirely 
concealed by the slightest fog, were seen through 64,000 
leagues of nebulous matter without the smallest refrac- 
tion. Possibly some part of the changes in the appear- . 
ance of the tails arises from rotation. Several comets 
have been observed to rotate about an axis passing 
through the center of the tail. That of 1825 performed 
its rotation in 20^ hours, and the rapid changes in the 
luminous sectors which issued from the nucleus of Hal- 
ley*8 comet, in all probability were owing to rotatory 
motion. 

The two streams of light which form the edges of the 
tail, in most cases unite at a greater or less distance from 
the nucleus, and are generally situate 4n the plane of 
the orbit. The tails follow comets in their descent 
toward the sun, but precede them in their return, with 
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a small degree of ourvatnre ; their apparent extent and 
form yaiy according to the positions of the orbits with 
regard to t^e ecliptic In some cases, the tail has been 
at.nght angles to the line joining the sun and comet. 
The cmrvature is in part owing to the resistance of the 
ether, and partly to the yelcHcily of the comet being 
greater than that of the particles at the extremity of its 
tail, which lag behind. The tails are generally of enor- 
mous lengths ; the comet of 1811 had one no less than a 
hwidred millions of miles in length, and those which 
appeared in the years 1618, 1680, and 1769, had tails 
which extended respectively over 104, 90, and 97 de* 
grees of space. Consequently, when the heads of these 
eomets were set, a portion of the extremity of their tails 
was still in the zenith. Sometimes the tail is divided 
into several branches, like the comet of 1744, which had 
six, separated by dark intervals, each of them about 4° 
broad, and from 30° to 44° long. They were probably 
formed by three hoQow cones of t^e nebulous matter 
proceeding from the different envelops, and inclosing one 
another with intervals between; the lateral edges of 
these cones would give the appearance of six streams of 
light. The tails do not attain their full magnitude till 
the comet has left the sun. When comets first appear, 
they resemble round films of vapor with little or no tail 
As they approach the sun, they increase in brilliancy, 
and their tail in length, till they are lost in his rays ; and 
it is not till they emerge from the 8un*s more vivid light 
that they assume their full splendor. They then grad- 
uaUy decrease, their tails diminish, and they disappear 
nearly or altogether before they are beyond the sphere 
of telescopic vision. Many comets have no tails, as for 
example £ncke*s comet, and that discovered by M. Biela, 
both of which are small and insignificant objects. The 
comets which appeared in the yean 1585, 1763, and 
1682, were also without tails, though the latter is re- 
corded to have been as bright as Jupiter. The matter 
of the tail must be extremely buoyant to precede a body 
moving with such velocity ; indeed the rapidity of its 
ascent cannot be accounted for. It has been attributed 
to that power in the sun which produces those vibrations 
of ether which constitute light : but as this theory will 
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not Bcomuit far tiie comet of 1824, ^^iieh is said to b«Y« 
had two tub, one directed to^mrd the sati, and a very 
short one diametrically opposite to it, our ignorance on 
this subject must be confessed. In ^is case the repel- 
Mng power of the comet seems to have been greater than 
that of the sun. Whatever that unknown power may 
be, there are instances in which its effects are enormous, 
for immediately after the great comet of 1680 had passed 
its peiifaelion, its tail was 100,000,000 miles in length, 
and was projected from the comet's head in the short 
spacer of two days. A body of such extreme tenuity as 
a comet is most likely incapable of an attraction power- 
ful enou^ to recall matter sent to such an enormous 
distance; it is therefore in all probability scattered in 
space, which may account for the rapid decrease ob- 
served in the tails of comets every time they return to 
their perihelia. Should the great comet of 1843 prove 
to be the same with that of 1668, its tail must have di- 
minished considerably. 

It is remarkable that although the tails of comets in- 
crease in length as they approach their perihelia, there 
is reason to believe that the real diameter of the head 
contracts on coming near the sun, and expands rapidly 
on leaving him. Hevelius first observed this phenome- 
non, which Buckets comet has exhibited in a very ex- 
traordinary degree. On the 28th of October, 1828, this 
comet was about three times as far from the sun as it 
was on the 24th of December, yet at the first date its 
apparent diameter was twenty-five times greater than at 
the second, the decrease being progressive. M. Valz 
attributes the circumstance to a real condensation of vol- 
ume from thte pressure of the ethereal medium, which 
increases most rapidly in density toward the snrface of 
the sun, and forms an extensive atmosphere around him. 
It did not occur to M. Valz, however, that the ethereal 
fluid would penetrate the nebulous matter instead of 
compressing it. Sir John Herschel, on the contrary, 
conjectures that it tnay be owing to the alternate con- 
version of evaporable materials in the upper regions of 
the transparent atmosphere of comets into the states of 
visil>le cloud and innsible gas by the eflfbcts of heat and 
cokl ; or thi^ seme^tif the estemal nebtdous envelops 
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may come into view iirhen tiie comet arrives at a darker 
part of the sky, which were overpowered by the supe- 
rior light of the sun wl:^ in his vicinity. The first of 
these hypotheses he considers to be perfectly confirmed 
by his observations on Halley^s comet, made at the Cape 
of Good Hope, after its return from the sun. He thinks 
that in all probability the whole cornet^ except the dens- 
est part of its nucleus, vanished and was reduced to a 
transparent .and invisible state during its passlige at its 
perihelion, for when it first came into view after leaving 
the sun it had no tail, and its aspect was oompletriy 
changed. A parabolic envelop soon began to appear, 
and increased so much and so rapidly that its augmenta- 
tion was visible to the eye* This increase continued till 
it became so large and so fiiint, that at last it vanished 
entirely, leaving only the nucleus and a tail, which it had 
again acquired, but which also vanished, so that at last 
the nucleus alone remained. Not only the tails, but the 
nebulous part of comets diminishes every time they re- 
turn to their perihelia ; after frequent returns they oudbt 
to lose it altogether, aad present the appearance of a 
fixed nucleus : tiiiis ought to happen sooner to comets of 
short periods. M. do St Place supposes, that the comet of 
1682 must be approaching rapidly to tliat state. Shmld 
the substances be altoge£er, or even to a great degvee, 
evaporated, the comet would disappear forever. Possi-* 
bly comots may have vanished firom our view sooner than 
they would odaerwise have done from this cause. 

If comets shine by borrowed light, they oug^ in 
certun positions, to exhibit phases like the moon ; but 
no such appearance has been detected except in one 
instance, when they are said to have been observed by 
Hevelius and La Hire in the year 1682. In general, 
the light of comets is dull — ^that of the comet of 1811 
was only equal to the tenth part of the light of the full 
moon — ^yet some have been brilliant enough to be visible 
in full daylight, especially the comet of 1744, which was 
seen without a telescope at one o'clock in the afternoon, 
while the sun was shining. Hence it may be inferred 
that, although some comets maybe altogether diaphanous, 
others seem to possess a solid mass resembling a phtnet. 
But whether they shine by their own or by reflected 
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light has never been satisfactorily made- out till now. 
£yen if the light of a comet were polarized, it would 
not afford a decisive test, since a body is capable of re- 
flecting light thong^ it shines by its own. M. Arago, 
however, has with great ingenuity discovered a method 
of ascertaining this point, independent both of phases 
and polarization. 

Since the rays of light diverge from a hinrinous point, 
they will be scattered over a greater space as the dis- 
tance increases, so that the intensity of the h^t on a 
screen two feet from the object, is four times toss than 
at the distance of one foot ; three feet from the object 
it is nine times less, and so on, decreasing in intensity 
as the squares of the distances increase. As a self- 
luminous surface consists of an infinite number of lumi- 
nous points, it is clear that the greater the extent of sur- 
face, the more intense will be die light; whence it may 
be concluded that the illuminating power of such a sur- 
fiice is proportional to its extent, and decreases inversely 
as the squares of the distances. Notwithstanding this, 
a self-luminous surface, plane or curved, viewed through 
a hole in a plate of metal, is of the same brilliancy at all 
possible distances as long as it subtends a sensible angle, 
because, as the distance increases, a greater portion 
comes into view, and as the augmentation of surface is 
' as the square of the diameter of the part seen through 
the hole, it increases as the squares of the distances. 
Hence, though the number of rays from any one point 
of the surface which pass .through the hole, decreases 
inversely as the squares of the distances, yet, as the 
extent of surface which comes into view increases also 
in that ratio, t^e brightness of the object is the same to 
the eye as long as it has a sensible diameter. For ex- 
ample — Uranus is about nineteen times farther from the 
sun than we are, so that the sun, seen from tHat planet, 
must appear like a star with a diameter of a hundred 
seconds, and must have the same brilliancy to the inhab- 
itants that he would have to us if viewed through a 
small circular hole having a diameter of a hundred sec- 
onds. For it is obvious that light comes from eveiy 
point of the sun's surface to Uranus, whereas a very 
small portion of his disc ts visible through the hole ; so 
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that extent of surface exactly compengates distance. 
Since, then, the visibility of a self-luminous object does 
not depend upon the angle it subtends as long as it is 
of sensible naagnitude, if a comet shines by its own light, 
it should retain its brilliancy as long as its diameter is of 
a sensible magnitude ; and even atter it has lost an ap- 
parent diameter, it ought to be visible, like the fixed 
stars, and should only vanish in consequence of extreme 
remoteness. That, however, is far fiom being the case 
—comets gradually become dim as their distance in- 
creases, and vanish merely from loss of light, while 
they still retain a sensible diameter, which is proved by 
observations made the evening before they disappear. 
It may therefore be concluded, that comets shine by 
reflecting the sun's light. The most brilliant comets 
have hitherto ceased to be visible when about five times 
as far from the sun as we are. Most of the eomets 
that have been visible from the earth. have their peri- 
helia within the orbit of Mars, because they are invisible 
when as distant as the orbit of Saturn : oh that account 
there is not one on record whose perihelion is situate 
beyond the orbit of Jupiter. Indeed, the comet of 1756, 
after its last appearance, remained five whole years 
within the ellipse described by Saturn without being 
once seen. More than a hundred and forty comets 
have appeared within the earth's orbit during the hist 
eentury that have not again been seen. If a thousand 
years be allowed as the average period of each, it may 
be computed, by the theory of probabilities, that the 
whole number which range within the earth's orbit 
must be 1400 ; but Uranus being about nineteen times 
more distant, there may be no less than 11,200,000 
comets that come within the known extent of our sys- 
tem. M. Arago makes a different estimate : he con- 
siders that, as thirty comets ai*e known to have their 
perihelion distance within the orbit of Mercury, if it be 
assumed that comets are uniformly distributed in space, 
the number having their perihelion within the orbit of 
Uranus must be to thirty as the cube of the radius of 
the orbit of Uranus to the cube of the radius of ttM 
orbit of Mercury, which makes the number of comets 
amount to 3,529,470. But that number may be doubled, 
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>f it be considered that, in consequence of day]i|^t, fogs, 
and great southern declination, one comet out of two 
must be hid £rom us. According to M. Arago, more 
than seven millions of comets frequent the planetary 

OTbjtS. 

The different degrees of velocity with which the 
planets and comets were originally propelled in space is 
the sole cause of the diversity in the form of their orbits, 
which depends only upon the mutual relation between 
the projectile force and the sun*s attraction. 

When the two forces are exactly equal to one another, 
circular motion is produced ; when the ratio of the pro- 
jectile to the central force is exactly that of X to the 
square root of 2, the motion is parabolic ; any ratio be- 
tween these two will cause a body to move in an ellipse, 
and any ratio greater than that of 1 to the square root of 
2 will pit>duce hyperbolic motion (N. 222). 

The celestial bodies misht move in any one of these 
four curves by the law ot gravitation ; but as one par- 
ticular velocity is necessary to produce either circular or 
parabolic motion, such motions can hardly be supposed to 
exist in the solar system, where the bodies are liable to 
such mutual disturbances as would infallibly change the 
ratio of the fi>rces, and cause them to move in ellipses 
in the first case, and hyperbolas in tlie other. On the 
contrary, since every ratio between equality and that of 
1 to the square root of 2 will produce elliptical motion, it 
is found in the solar system in all its varieties, from that 
which is nearly circular, to such as borders on the para- 
bolic from excessive ellipticity. On this depends the 
stability of the system ; the mutual disturbances only 
cause the orbits to become more or less eccentric with 
out changing their nature. 

For the same reason the bodies of the solar system 
might hate moved in an infinite variety of hyperi)oIas, 
since any ratio of the forces, greater than that which 
causes parabolic motion, will make a body move in one 
of these curves. Hyperbolic motion is however very 
rare ; only two comets appear to move in orbits of that 
nature, those of 1771 and 1824 ; probably all such com- 
ets have already come to their perihelia, and cons|9- 
fluently will never return . 
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The ratio of the forces which fixed the nature of Oio 
celestial orbits is thus easily etplaiued ; but the circum* 
stances which determined these ratios, which caused 
some bodies to move nearly in circles and othei-s to 
wander toward the limits of the solar attractioni apd 
which made all the heavenly bodies to rotate and re- 
volve in the same direction, must have had their, origin 
in the primeval state of things ; but as it pleases we 
Supreme Intelligence to employ gravitation alone in the 
maintenance of this fair system, it may be presumed to 
have presided at its creation. 
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Great as the number of comets appears to be, it is 
absolutely nothing when compared with the multitude of 
the fixed stars. About 2000 onfy are visible to the 
naked eye ; but when we view the heavens with a 
telescope, their number seems to be limited only by the 
imperfection of the instrument. In one hour Sir Wil- 
liam Herschel estimated that 50,000 stars passed through 
the field of his telescope, in a zone of the heavens 2° m 
breadth. This, however, was stated as an instance of 
extraordinary crowding ; but, on an average, the whole 
expanse of the heavens must exhibit about a hundred 
millions of fixed stsurs within the reach of telescopic 
vision. 

The stars are classed according to their apparent 
brightness, and the places of the most remarkable of 
those visible to the naked eye are ascertained with 
great precision, and formed into a catalogue, not only 
for the determination of geographical positions by their 
occultations, but to serve as points of reference for 
marking the places of comets and other celestial ph^ 
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nomena. *The whole number of stars registered amounts 
to about 150,000 or 200,000. The distance of the fixed 
stars is too great to admit of their exhibiting a sensible 
disc ; but in all probability they are spherical, and must 
certainly be so if gravitation pervades all space, which it 
may be presumed to do, since Sir John Herschel has 
shown that it extends to the binary systems of stars. 
With a fine telescope the stars appear like a point of 
light; their occukations by the moon are therefore 
instantaneous. Their twinkling arises fi^m sudden 
changes in the refractive powers of the air, which would 
not be sensible if they had discs like the planets. Thus 
we can learn nothing of the relative distances of the 
stars from us, and from one another, by their apparent 
diameters. The annual parallax of all but a very few 
being insensible, shows we must be more than two 
hundred millions of millions of miles at least frt>m them. 
Many of them, however, must be vastly more remote ; 
for of two staiB that appear close together, one may be 
iar beyond the other in the depth of space. The light 
of Sirius, according to the observations of Sir John 
Herschel, is 324 times greater than that of a star of the 
sixth magnitude ; if we suppose the two to be really of 
the same size, their distances from u& must be in the 
ratio of 57*3 to 1, because light diminishes as the square 
of the distance of the luminous body increases. 

Nothing is known of the absolute magnitude of the 
fixed stars, but the quantity of light emitted by many 
of them shows that they must be much larger than the 
sun. Dr. Wollaston determined the approximate ratio 
which the light of a wax candle bears to that of the sun, 
moon, and stars, by comparing their respective images 
reflected from small glass globes filled with mercury, 
whence a comparison was established between tbe 
quantities of light emitted by the celestial bodies them- 
selves. By this method he found that the light of the 
sun is about twenty millions of millions of times greater 
than that of Sirius, the brightest and one of the nearest 
of the fixed stars. Since the parallax of Sirius is about 
half a second, its distance frt>m the earth must be 592,200 
times the distance of the sun* from the earth ; and 
therefore Sirius, placed where the sun is, wouM appear 
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to us to be 3*7 times as large as the sun, and would give 
13*8 times more light. Many of the fixed stars must be 
infinitely larger than Sirius. 

Many stars have vanished from the heavens; the 
star 42 Yirginis seems to be of this number, having been 
missed by Sir John Herschel on the 9th of May, 1828* 
and not again found, though he frequently had occasion 
to observe that part of the heavens. Sometimes stars 
have all at once appeared, shone with a bright light, 
and vanished. Several instances of these temporary 
stars are on record ; a remarkable instance occurred in 
the year 125, which is said to have induced Hipparchus 
to form the first catalogue of stars. Another star ap- 
peared suddenly near a Aquilae in the year 389, which 
vanished, after remaining for three weeks sb bright as 
Venus. On the 10th of October, 1604, a brilliant star 
burst forth in the constellation of Serpontarius, which 
continued visible for a year; and a more recent case 
occurred in the year 1670, when a new star was discov- 
ered in the head of the Swan, which, after becoming 
invisible, reappeared, and having undergone many varia- 
tions in light, vanished after two years, and has never 
since been seen. In 1572 a star was discovered in Cas- 
siopeia, which rapidly increased in brightness till it even 
surpassed that of Jupiter ; it then gradually diminished 
in splendor, and having exhibited afl the variety of tints 
that indicate the changes of combustion, vanished sixteen 
months after its discovery, without altering its position 
It is impossible to imagine anything more tremendous 
than a conflagration that could be visible at such a dis- 
tance. It is however suspected that this star may be 
periodical, and identical with the stars which appeared 
in the years 945 and 1264. There are probably many 
stars which alternately vanish and reappear among the 
innumerable multitudes that spangle the heavens ; the 
periods of several have already been pretty well ascer- 
tained. Of these the most remarkable is the star Omi- 
cron, in the constellation Cetus. It appears about twelve 
times in eleven years, and is of variable brightness, some- 
times appearing like a star of the second magnitude ; 
but it does not always attain the same lustre, nor does 
it increase or diminish by the same degrees. Accord- 
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ins to Hevelias, it did not appear at a]l for four yeaiy. 
y Hydrae also vanishes and reappears every 494 days ; 
and a very singular instance of periodicity is given b> 
Sir John Herschel, in the star A^ol or /? Persei* which 
is described as retaining the size of a star of the seconci 
magnitude for two days and fourteen hours; it then 
suddenly begins to diminish in splendor, and in about 
three hours and a half is reduced to the size of a star 
of the fourth magnitude ; it then begins again to increase, 
and in three hours and a half more regains its usupJ 
brightness, going through all these vicissitudes in two 
days, twenty hours, and forty-eight minutes, a Cassi- 
opeiae is also periodical, accomplishing its changes in 225 
days : the period of the star 34 Cygoi is 18 years ; and 
Sir John Herschel has discovered very singular v^a- 
tions in the star n of the constellation Argo. It is sur- 
rounded by a wonderful nebula, and from a star of little 
more than the second magnitude it suddenly inerea^j^d 
between the years 1837 and 1838 to be a iirst-rate star 
of the first magnitude. At the latter period it was equal 
to Arcturus, and its brilliancy Was then so great as .to 
obliterate some of the detdls of the surrounding nebula. 
Afterward it decreased to the first magnitude, apd thc^n 
began to increase again. Sir John has also discovered 
that a Orionis may now be classed among the variable 
and periodic stars, a circumstance the more remarkable, 
as it is one of the conspicuous stars of our hemisphere, 
and yet its changes had never been remarked. The 
inferences Sir John draws from the phenomena of vari- 
able stars are too interesting not to be given in his own 
words. ** A periodic change existing to so great an ex- 
tent in so large and brilliant a star as a Orionis, cannot 
fail to awaken attention to the subject,. and to revive the 
consideration of those speculations respecting the possi- 
bility of a change in the lustre of our sun itself which 
were put forth by my father. If there really be a com- 
munity of nature between the sun and fixed stars, evezy 
proof that we obtain of the extensive prevalence of such 
periodical changes in those remote bodies adds to the 
probability of finding something of the kind nearer home. 
If our sun were ever intrinsically much brighter than ^t 
present, the mean temperature of the surface of our 
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gldbift woi:dd of course be proportionally grieater. I speak 
now not of periodical but secular changes. But tbe ar- 
gument is complicated with the consideration of the 
possibly imperfect transparency of the celestial spaces, 
and with the cause of that imperfect transparency which 
raAy be due to material non-luminous particles diffused 
irregularly in patches analogous to nebulae, but of greater 
extent — ^to cosmical clouds in short — of whose existence 
we have, I think, some indication in the singular and 
apparently capricious phenomena of temporary stars, 
and perhaps in the recent extraordinary sudden mcrease 
and hardly less sudden diminution of 97 Argus.'* Mr. 
Goodricke has conjectured that the periodical changes 
in t^e stars may be occasiened by the revolution of some 
opttque body coming between us and the star, and ob- 
structing part of its light. Sir John Herschel is struck 
with the high degree of activity evinced by these changes 
in regions where, **but for such evidences, we might 
conclude all' to be lifeless." He observes that our own 
sun requires nhie times the period of Algol to perform 
a revolution on its own axis ; while on the other hand, 
the periodic time of an opaque revolving body sufficiently 
brge to produce a similar temporary di)scuration of the 
sun, seen from a fixed star, would be less than fourteen 
hours. 

Many thousands of stars that seem to be oidy brilliant 
points, when carefully examined are found to be in 
real)^ systems of two or more suns, sometimes revolving 
about a common center. These binary and multiple 
stars are extremely remote, requiring the most power- 
ful telescopes to show them separately. The first cat- 
alogue of double stars, in which their places and relative 
positions are determined, was accomplished by the tal- 
ents imd industry of Sir WiUiam Hersche>, to whom 
Astronomy is indebted for so many brilliant discoveries, 
and with whom the idea of their combination in binary 
and multiple systems originated — an idea comj^etefy 
estabTished by his- own observations, and recently con- 
firmed by those of his son and other astronomers. The 
motiens of revolution of many of these stars round a 
common center have been ascertained, and their periods 
determliied w%h eobslderable accununr. Some hare^ 
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since their first dtseorery, alread^r accomidished nearly 
a whole revolution ; and one, v Coronas, is actually con- 
siderably advanced in its second period. These inte- 
resting systems thus present a species of sidereal chro- 
nometer, by which the chronology of the heavens will 
be marked out to future ages by epochs of their own, 
liable to no fluctuations from such planetary disturbances 
as take place in our system. 

In observing the relative position of the stars of a bi- 
nary system, the distance between them, and also the 
angle of position, that is, the angle which the meridian 
or a parallel to the equator makes with the line joining 
the two stars, are measured. The different values of 
the angle of position show whether the revolving star 
moves from east to west, or the contrary ; whether the 
motion be uniformor variable, and at what points it is 
greatest or least. The measures of the distances show 
whether the two stars approach or recede from one 
another. From these the form and nature of the orbit 
are determined. Were observations perfectly accurate, 
four values of the angle of position and of the corre- 
sponding distances at given epochs would be sufficient 
to assign the form and position of the curve described 
by the revolving star: this, however, scarcely ever 
happens. The accuracy of each result depends upon 
taking the mean of a great number of the best observa- 
tions, and eliminating error by mutual comparison. The 
distances between the stars are so minute that they can- 
not be measured with the same accuracy as the angles 
of position ; therefore, to determine the orbit of a star 
independently of the distance, it is necessary to assume 
as the most probable hypothesis, that the staiB are sub- 
ject to the law of gravitation, and consequently that one 
of the two stars revolves in an ellipse about the other, 
supposed to be at rest, though not necessarily in the fo- 
cus. A curve is thus constructed graphically by means 
of the angles of position and the corresponding times of 
observation. The angular velocities of the stars are 
obtained by drawing tangents to this curve at stated in 
tervals, whence the apparent distances, or radii vectores, 
of the revolving star become known for each angle of 
position ; because, by the laws of elliptical motion, they 
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are equal t» the square roots of the apparent angular 
velocities. Now that the angles of position estimated 
from a given line, and the corresponding distances of the 
two stars, are known, another curve may be drawn, 
which will represent on paper the actual orbit of the 
star projected on the visible surface of the heavens ; so 
that the elliptical elements of the true orbit and its posi- 
tion in space may be determined by a combined system 
of measurements and computation. But as this orbit 
has been obtained on the hypothesis that gravitation 
prevails in these distant regions, which could not be 
known cL priori, it must be compared with as many 
observations as can be obtained, to ascertain how far the 
computed ellipse agrees with the curve actually described 
by the star. 

By this process Sir John Herschel has discovered 
that several of these systems of stars are subject to the 
same laws of motion with our system of planets : he has 
determined the elements of their elliptical orbits, and 
computed the periods of their revolution. One of the 
stars of 7 Virginis revolves about the other in 629 years ; 
the periodic time of a Corons is 287 years; that of 
Castor is 253 years; that of e Bootes is 1600 ; that of 
70 Ophiuchi is ascertained by Professor Encke to be 80 
years ; Professor Bessel has ascertained the period of 
61 Cygni to be 540 years ; and M. Savary, who has the 
merit of having first determined the elliptical elements 
of the orbit of a binary star from observation, has shown 
that the revolution of C Ursse is completed in 58 years. 
y Virginis consists of two stars of nearly the same mag- 
nitude. They were so &r apart in the beginning and 
middle of the last century, that they were mentioned by 
Bradley and marked in Mayer^s catalogue as two distinct 
stars. Now, they are so near to one another, that even 
with good telescopes they look like a single star some- 
what elongated. A series of observations, since the 
beginning of the present century, has enabled Sir John 
Herschel to determine the form and position of the el- 
liptical orbit of the rftvolving star with extraordinary 
truth. According to his computation, it roust have ai*- 
rived at its perihelion on the 18th o!^ August of the year 
1 834. The actual proximity of the two stars must then 
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have been extreme, and the apparent angolar velocitjr 
80 great that it might have described an angle of 68^ in 
a single year. Observations made at the Cape of Good 
Hope, by Sir John Herschel, as well as those of Captidn 
Smyth, R. N., at home, correspond in proving an aug- 
mentation of velocity as the star was approaching its 
shortest distance from its primary. By the laws of el- 
liptical motion, the angular velocity of the revolving star 
must now gradually diminish, till it comes to its aphelion 
some 314 years hence. The satellite star of a CoronsB 
attained its perihelion in 1835, and that of Castor will do 
the same some time in 1855. 

It sometimes happens that the edge of the orbit of -a 
revolving star is presented to the earth, as in fr Serpen- 
tarii* Then the star seems to move in a strai^t line, 
and to oscillate on each side of its primary. Five ob- 
servations are requisite in this case for the determina- 
tion of its orbit, provided they be accurate. At the time 
Sir William Herschel observed the system in question, 
the two stars were distinctly separate : at present, one 
is so completely projected on the other, that M. StruvO) 
4vith his great telescope, cannot perceive the smallest 
separation. On the contrary, the two stars of C Ononis, 
which appeared to be one in the time of Sir William 
Herschel, are now separated. Were this libration owing 
to parallax, it would be annual, from the revolution of the 
earth ; but as years elapse before it amounts to a sensi- 
ble quantity, it can only arise from a real orbitual motion 
seen obliquely. Among the triple stars, two of the stars of 
C Cancri revolve about the third. There are also quadru- 
ple stars, and there are even assemblages of five and six 
stars, as 6 and a of Orion. It is remarked that, in gen- 
eral, the ellipses in which the revolving stars of binary 
systems move, are much more elongated than the orbits 
of the planets. Sir John Herschel, Sir James South, 
and Professor Struve of Dorpat, have increased Sir 
William HersGhePs original catalogue of double stars to 
more than 6000, of which thirty or forty are known to 
form revolving or binary systems ; and Mr. Dunlop has 
formed a catdogue of 253 double stars in the southern 
hemisjdie^e. To tifis Sir, John Herschel has added 
many; but he has found that the soudiem hemisphere 
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is poorer than the northern in close double stars above 
the tenth Botagnitude. He obaerves, that if Mr. Dunlop's 
measures can be depended upon, 6 £ridani is perhi^s 
the most remarkable of all the binary systems in the 
heavens. The revolution of the satellite star being at 
the rate of 10^*67 per annum, it consequently must 
accomplish a revolution in a little more than tiiirty years. 
The motion of Mercury is more rapid than that of any 
other planet, being at the rate of 107,000 miles an hour ; 
tlie perihelion velocity of the comet of 1680 was no less 
than 880,000 miles an hour ; but if the two stars of 6 
Eridani or ^ Urss be as remote from one another as the 
nearest fixed star is from th& sun, the velocity of the 
revolving stars must exceed the powers of imagination. 
The discovery of the elliptical motion of the double stars 
excites the highest interest, since it shows that gravita- 
tion is not peculiar to our system of planets, but thai 
systems of suns in the far distant regions of the uni- 
verse are also obedient to its laws. 

Besides revolutions about one another, some of tiie 
binary systems are carried forward in space by a motion 
common to botii stars, toward some unknown point in 
the firmament. The two stars of 61 Cygni, which are 
nearly equal, and have remained at the distance of about 
W from each other for fifiy years, have changed their 
place in the heavens during that period, by 4' 23"% with 
a lAoticm which for ages must appear rectilinear : be- 
came, even if the path be curved, so small a portion of 
it must appear a straight line to us. The single stars 
also have proper motions, yet so minute that the trans- 
lation of /K Cassiopeiae, of 3"'74 annually, is the greatest 
yet observed : but tiie enormous distances of the stars 
make motions appear small to us which are in reality 
very great. Sir William Herschel conceived that, 
among many irregularities, the motions of the stars have 
a general tendency toward a point diametrically c^po- 
site to that occupied by the star C Herculis, which he 
attributed to a motion of the solar system in the contrary 
direction* Should this really be the case, l^e stars, 
from the efifects of perspective alone, would seem to 
diverge in the direction to which we are tending, and 
would apparently converge in the space we leave, and 
24 
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there would be a regalarity in these apparent motions 
which would in time be detected ; but if the solar sys- 
tem and the whole of the stars visible to us be carried 
forward in space by a motion common to all, like ships 
drifting in a current, it would be impossible for us, 
moving YfiAi the rest, to ascertain its direction. There 
can be no doubt of the progressive motion of the sun and 
stars, but sidereal astronomy is not far enough advanced 
to determine what relations tiiese bear to one another ; 
It will however be known in the course of time from the 
orbits of the revolving stars of the binary systems. For 
if the solar system be in motion, some of the stellar 
orbits which, by the effects of perspective, appear to us 
to be straight lines, will, after a time, open and become 
elliptical by our change of place ; while others which 
now appear to be open will close, or open wider ; stars 
also which now occultate, or hide one another in certain 
points of their orbits, vnll, in time, cease to do so. The 
directions and magnitude of these changes will no doubt 
show the motion of our system, to what point it is tend- 
ing, and the velocity with which it moves. 

Among the multitudes of small stars, whether double 
or insulated, a few are found near enough to exhibit 
distinct parallactic motions, arising from the revolution 
of the earth in its orbit. Of two stars apparently in 
close approximation, one may be far behind the oHier in 
space. These may seem near to one another when 
viewed from the earth in one part of its orbit, but may 
separate widely when seen from the earth in another 
position, just as two terrestrial objects appear to be one 
when viewed in the same straight line, but separate as 
the observei* chants his position. In this case the stars 
would not have real, but only apparent motion. One of 
them would seem to oscillate annually to and fro in a. 
straight line on each side of the other-— a motion which 
could not be mistaken for that of a binaiy system, 
where one star describes an ellipse about the other, or, 
if the edge of the orbit be turned toward the earth, 
where the oscillations require years for their accom- 
plishment. 

This method of finding the distances of the fixed stars 
was proposed by Galileo, and attempted by Dr. Long 
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withoat taccess. Sir William Herschel afterwacd ap* 
plied it to some of the binary groups ; and though he 
did not find the thing he sought for, it led to the dis* 
coveiy of the orbitual motions of the double stars. 

Though the absolute distance of most of the stars is 
still a desideratum, a limit has been found under which, 
probably, none of them come. It was natural to sup- 
pose that in general the large stars are nearer to the 
earth than the small ones ; but there is now reason to 
believe that some stars, though by no means brilliant, 
are nearer to us than others which shine with greater 
splendor. This is inferred from the comparative ve- 
locity of their motions. All the stars have a general 
motion of translation, which tends ultimately to mix the 
stars of the different constellations, but none that we 
know of moves so rapidly as 61 Cygni; and on that 
account it is reckoned to be nearer to us than any 
other, for an object seems to move more quickly th^ 
nearer we are to it. This ch'cumstance induced MM. 
Arago and Mathieu to endeavor to determine its an- 
nual parallax, that is, to ascertain what magnitude the di- 
ameter of the earth's orbit would have as seen from the 
•tar, and from that to compute its distance from the 
earth (N. 223). This has been accomplished with more 
accuracy by M. Bessel, who has found by observation, 
^at the diameter of the earth's (H*bit of 190 millions of 
miles would be seen from the star under an angle of 
only one-third of a second, whence 61 Cygni must be 
590,200 times farther from the earth than the sun is, 
— a distance which light, (lying at the rate of 190,000 
miles in a second, would not pass over in less than 
nine years and three months. 

The apparent motion of five seconds annually which 
this star has, seems to us to be extremely small, but at that 
distance an angle of one second corresponds to twenty- 
four millions of millions of miles ; consequently the an- 
nual motion of 61 Cygni is one hundred and twenty 
millions of millions of miles, and yet, as M. Arago ob- 
serves, we call it a fixed star ! 

From the observations of Professor Henderson it ap- 
pears that Sirius, the brightest star in the heavens, has 
a parallax of less than the third of a second ; oonse- 
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t^ently it is at a greater distance than 61 Cygni : that 
of a Centauri amounts to a seooud of space, so that it is 
nearer the earth than any star that is known : whereas 
Mr. Airy has found that the parallax of a Lyras is al* 
together inappreciable ; and as tins is generally the case 
with the fixed stars, we may conclude that their dis- 
tances are beyond the hope of mensunition. 

All the ordinary methods fail when the distances are 
so enormous. An angle even of two or three seconds, 
viewed in the focus of our largest telescopes, dees not 
equal the thickness of a spider's thread, which makes it 
impossible to measure such minute quantities with any 
degree of accuracy. In some cases, however, the bi- 
nary systems of stars furnish a method of estimating an 
angle of even the tenth of a second, which is thirty 
times more accurate than by any other means. From 
them the actual distances of some of the more remote 
•tars will ultimately be known. 

Suppose that one star revolves about another in an 
orbit which is so obliquely seen from the earth as to 
look like an ellipse in a horizontal position, then it is 
clear that one half of the orbit will be nearer to us than 
the other half. Now, in consequence of the time which 
light takes to travel, we always see the satellite star in 
a place which it has already left. Hence when that 
•tar sets out from the point of its orbit which is nearest 
to us, its light will take more and more time to come to 
us in proportion as the star moves round to the most 
distant point in its orbit. On that account the star will 
appear to us to take more time in moving through that 
hidf of its orbit than it really does. £xactly the con- 
trary takes place in the other half: for the light will 
take less and less time to arrive at the earth in propor- 
tion as the star approaches nearer to us, and therefore 
it will seem to move through this half of its orbit in less 
time than it really does. This circumstance furnishes 
the means of finding the absolute breadth of the orbit in 
itiiles, and from that the true distance of the star from 
the earth. For, since the greatest and least distances 
of the satellite star from the earth differ by the breadth 
of its orbit, the time whi<di the star takes to move from 
the nearest to the remotest point of its orbit is greater than 
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it ought to be, by die whole time its light takes to cross 
the orbit, and the period of moving through the other 
half is exactly as much less. Hence the difference be- 
tween the observed times of these two semi-revolutions 
of the star is equal to twice the time that its light em- 
ploys to cross its orbit ; and as we know the velocity of 
light, the diameter of the orbit may be found in miles, 
and from that its whole dimensions. For the position of 
the orbit with regard to us is known by observation, as 
well as the place, inclination, and apparent magnitude 
of its major axis, or, which is the same thing, the angle 
.under which it is seen from the earth. Since, then, 
three things are known in this great triangle, namely, 
the base or major axis of the orbit in miles, the an^e 
opposite to it at the earth, and the angle it makes with 
the visual ray ; the distance of the sateUite star from the 
earth may be found by the most simple dT calculations. 
The merit of having first proposed this very ingenious 
method of finding the distances of the stars is due to M. 
Savary ; but unfortunately it is not of general application, 
as it depends upon the position of l£e orbit, and even 
then a long time must elapse before observation can fur- 
nish data, since the shortest period of any revolving star 
that we know of is thirty years : still the distances of a 
vast number of stars may be ultimately made out in this 
way ; and as one important discovery almost always leads 
to another, their masses may thus be weighed against 
that of the earth or sun. ^ 

The only data employed for finding the mass of the 
earth, as compared with that of the sun, are the angular 
motion of our globe round the sun in a second of time, 
and the distance of the earth from the sun in miles (N. 
224). Now by the observations of the binary systems, 
we know the angular velodty of the smaH star round 
the great one ; aiKi when we know the distance between 
the two stars in miles, it will be easy to compute how 
many miles the small star woukl fall through by the at- 
traction of the great one in a second of time. A compar- 
ison of this space with the space which the earth would 
descend through in a second toward the sun, wiB give 
the ratio of the mass of the great star to that of the sua 
or earth. 

ii 
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If it be considered that all the double stars appear sin- 
gle to the naked eye, and with ordinary instraments, 
and that it requires the highest powers of the very best 
telescopes to separate the greater number of them, the 
extreme beauty of the ingenuity and refraction necessary 
to draw such profound results from their motions may 
be in some degree appreciated. 

The double stars are of various hues, but they most 
frequently exhibit the contrasted colors. The large star 
is generdly yellow, orange, or red ; and the small star 
blue* purple, or green. Sometimes a white star is com- 
bined with a blue or purple, and more rarely a red and 
white are united. In many cases, these appearances 
are due to the influence of contrast on our judgment <^ 
colors.' For example, in observing a double star, where 
the large one is a full ruby red, or almost blood color, 
and the small one a fine green, the latter loses its color 
when the former is hid by the cross wires of the tele- 
scope. But there are avast number of instances where 
the colors are too strongly marked to be merely imagi- 
nary. Sir John Herschel observes in one of his papers 
in tiie Philosophical Transactions, as a very remarkable 
fact, that, although red stars are common enough, no 
example of a solitary blue, green, or purple one buis yet 
been produced. 

The stars are scattered very irregularly over the fir- 
mament. In some places they are crowded together, in 
others thinly dispersed. A f|gw groups more closely 
condensed form very beautiful objects even^ to the naked 
eye, of which the Pleiades and the constellation Coma 
Berenices are the most striking examples; but the 
greater number of these clusters of stars appear to un- 
assisted vision like thin white clouds or vapor: such 
is the milky way, which, as Sir WUliam Herschel has 
proved, derives its brightness from the difliised light of 
the myriads of stars that form it Most of these stars 
appear to be extremely small, on account of their enor- 
mous distances; and they are so numerous, that, ac- 
cording to his estimation, no fewer than 50,000 passed 
through the field of his telescope in the course of one 
hour in a zone 2° broad. This singular portion of the 
heavens, constituting part of our firmament, consists of 
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ED extensive mass of stars, whose thickness is small com- 
pared with its length and breadth ; the earth is placed 
near the point where it diverges into two bmnches, and 
it appears to be much more splendid in the Southern 
hemisphere than in the Northern. Sir John Herschel 
says, ** The general aspect of the Southern circumpolar 
regions (including in that expression 60^ or 70° of South 
polar distance) is in a high degree rich and magnificent, 
owing to the superior brilliancy and large development 
of the milky way, which, from the constellation of Orion 
to that of Antinotis, is a blaze of- light, strangely in- 
terrupted, however, ^ith vacant and entirely starless 
patches, especially in Scorpio, near Alpha Centauri and 
the Cross, while to the north it fades away pale and 
dim, and is in comparison hardly traceable. I tiiink it is 
impossible to view this splendid zone, with the astonish- 
ingly rich and evenly distributed fringe of stars of the 
3rd and 4th magnitude, which forms a broad skirt to its 
southern border like a vast curtain, without an impres- 
sion amounting almost to conviction, that the milky way 
is not a mere stratum, but annular, or at least. that our 
system is placed within one of the poorer or almost 
vacant parts of its general mass, and that eccentrically, so 
us to be much nearer to the region about the Cross, than 
to that diametrically opposite to it." The cluster, of 
which our sun is a member, and which includes the 
milky way, and all the stai*s that adorn our sky, must.be 
of enormous extent, since the sun is more than two hun- 
dred thousand times farther from the nearest of them 
than he is from the eaith ; and the other _ stars, though 
apparently so close together, are probably separated from 
one another by distances equally great. In the intervals 
between the stars of our own system and far in the depths 
of space, many clusters of stars may be seen like white 
clouds or round comets without tails, either by unassisted 
vision or with oi-dinary telescopes ; hut, seen with pow- 
erful instruments. Sir John Herschel describes them as 
conveying the idea of a globular space insulated in the 
heavens and filled full of stars, constituting a family or 
society apart from the rest, subject only to its own in- 
ternal laws. To attempt to count the stars in one of 
thes^ glpb^ilar clusters, he says, would be a yain task,— 
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tiiat they are not to be reckoned by hundreds :- 
rough computation, it appears that many dusters of thia 
description must contain ten or twenty thousand stan 
compacted and wedged together in a round space, 
whose area is not more than a tenth part of that covered 
by the moon ; so that its center, where the stars are 
seen projected on each other, is one blaze of light 
(N. 225). If each of these stars be a sun, and if they 
be separated by intervals equal to that which separates 
our sun from &e nearest fixed star, the distance which 
renders the whole cluster barely visible to the naked eye 
must be so great, that the existence of this splendid as- 
semblage can only be known to us by light which must 
have left it at least a thousand years ago. Occasionally 
clusters are so irregular and so undefined in their outline 
as merely to suggest the idea of a richer part of the 
heavens. These contain fewer stars than die globular 
clusters, and sometimes a red star forms a conspicuous 
object among them. Sir William Herschel regarded 
them as the rudiments of globular clusters in a less ad- 
vanced state of condensation, but tending to that form 
fay their mutual attraction. 

Multitudes of nebulous spots are to be seen on the 
clear vault of heaven, which have every appearance of 
being clusters like those described, but are too distant to 
be resolved into stars by the most excellent telescopes. 
Vast numbers also appear to be matter in the highest 
possible degree of rarefaction, giving no indication what- 
ever of a fiftellar nature. These are in every state of 
condensation, from a vague film hardly to be discerned 
with telescopes of the highest powers, to such as seem 
to have actually arrived at a solid nucleus. This nebu- 
lous matter exists in vast abundance in space. No 
fewer than 2000 nebulie and clusters of stars were ob- 
served by Sir William Herschel, whose places have 
been computed from his observations, reduced to a com- 
mon epoch, and arranged into a catalogue in order of 
right ascension by his sister. Miss Caroline Herschel, a 
lady eminent for astronomical knowledge and discovery. 
Six or seven hundred nebulae have already been ascer- 
tained in the southern hemisphere ; of these die Ma- 
g^lanic clouds are the most remarkable. The nature 
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and use of this neburous matter, scattered over tbe 
heavens in such a variety of forms, is invoked in the 
greatest obscurity. That it is a self-luminous, phos- 
phorescent, material substance, in a highly dilated or 
gaseous state, but gradually subsiding by the mutual 
gravitation of its particles into stars and sidereal systems, 
is the hypothesis most generally received. And indeed 
this is the hypothesis of La Place with regard to the 
origin of the solar system, which he conceived to be 
formed by the successive condensations of a nebula, 
whose primeval rotation is still maintained in the rota- 
tion and revolution of the sun and all the bodies of the 
solar system in the same direction. Even at this day 
there is presumptive evidence in. the structure and in- 
ternal heat of the earth, of its having been at one period 
in a gaseous state from intensely high temperature. 
But the only way that any real knowledge on this mys- 
terious subject can be obtained is by the determination 
of the form, place, and present state of each individual 
nebula ; and a comparison of these with future observa- 
tions will show generations to come the changes that 
may now be going on in these supposed rudiments of 
future systems. With this view, Sir John Herschel 
began in the year 1825 the arduous and pious task of 
revising his illustrious father's observations, which he 
finished a short time before he sailed for the Cape of 
Good Hope, in order to disclo8e.the mysteries of the 
southern hemisphere ; indeed, our firmament seems to 
be exhausted till farther improvements in tlie telescope 
shall enable astronomers to penetrate deeper into space. 
In a truly splendid paper read before the Royal Society 
on the 21st of November, 1833^ he gives the places of 
2500 nebul® and clusters of stars. Of these 500 are 
new, — the rest he mentions with peculiar pleasure as 
having been most accurately determined by his father. 
This work is the more extraordinary, as firom bad 
' weather, fogs, twilight, and moonlight, these shadowy 
appearances are not visible, on an average, in England, 
above thirty nights in the year. 

The nebul» have great variety of forms. Vast multi- 
tudes are so faint as to be with difficulty discerned at all 
till they have been for some time in the field of tiie 
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telescope, or are just about to quit it. OocaslonaUy 
they are so vague that the eye is conscious of some- 
thing, without being able to define what it is : but the 
unchangeableness of its position proves thct it is a real 
object. Many present a large ill-defined surface, in 
which it is difficult to say where the center of the 
greatest brightness is. Some cling to stars like wisps of 
cloud ; others exhibit the wondemil appearance pf an 
enormous flat ring seen very obliquely, with a lenticular 
vacancy in the center (N. 226). A very remarkable in- 
stance of an annular nebula is to be seen exactly half- 
way between {3 and y Lyrae. It is elliptical in the rati«» 
of 4 to 5, and is sharply defined, the internal opening oc- 
cupying about half the diameter. This opening is not 
entirely dark, but filled up with a faint hazy light, aptly 
compared by Sir John Herschel to fine gauze stretched 
over a hoop (N. 227). There is a very remarkable 
nebula in Onon, in which there is some reason to believe 
that a new star has recently appeared. Two nebulae 
are described as most amazing objects : — One like a 
dumb-bell or hour-glass of bright matter, surrounded by 
a thin hazy atmosphere, so as to give the whole an oval 
form, or the appearance of an oblate spheroid. This 
phenomenon bears no resemblance to any known object 
(N. 228). The other consists of a bright round nucleus, 
surrounded at a distance by a nebulous ring split through 
half its circumference, and having the split portions sep- 
arated at an angle of 45^ each to the plane of the other. 
This nebula bears a strong similitude to the milky way, 
and suggested to Sir John Herschel the idea of a 
** brother system bearing a real physical resemblance 
and strong analogy of structure to our own*' (N. 229). 
It appears that double nebulae are not unfrequent, ex- 
hibiting all the varieties of distance, position, and relative 
brightness with their counterparts the double stars. The 
rarity of single nebulae as large, faint, and as little con- 
densed in the center as these, makes it very improbable 
that two such bodies should be accidentally so near as 
to touch, and often in part to overlap each other, as these 
do. It is much more likely that they constitute systems ; 
and if so, it will form an interesting subject of future in- 
quiry to discover whether they possess orbitual motion. 
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Stellar nebuhe form another class. These hare a 
round or oval shape, increasing in density toward the 
center. Sometimes the matter is so rapidly condensed 
as to give the whole the appearance of a star with a blur, 
or like a candle shining through horn. In some in- 
stances the central matter is so highly and suddenly 
condensed, so vivid and sharply defined, that the nebula 
might be taken for a bright star surrounded by a thin 
atmosphere. Such are nebulous stars. The zodiacal 
light, or lenticular-shaped atmosphere of the sun, which 
may be seen extending beyond the orbits of Mercury 
and Venus soon after sunset in the months of April and 
May, is supposed to be a condensation of the ethereal 
medium by his attractive force, and seems to place our 
sun among the class of stellar nebulae. The stellar neb- 
ulae and nebulous stars assume all degrees of ellipticity. 
Not unfrequently they are long and narrow, like a 
spindle-shaped ray, with a bright nucleus in the center 
(N. 230). The last class mentioned by Sir John Her- 
schel are the planetary nebulae. These bodies have 
exactly the appearance of planets, with sensibly round 
or oval discs, sometimes sharply terminated, at other 
times hazy and ill-defined. Their surface, which is 
blue or blaish white, is equable or slightly mottled, and 
their light occasionally rivals that of the planets in vivid- 
ness. They are generally attended by minute stars, 
which give the idea of accompanying satellites. These 
nebulae are of enormous dimensions. One of them near 
V Aquarii has a sensible diameter of about 20'', and 
another presents a diameter of 12''. Sir John Her- 
schel has computed that, if these objects be as far from 
us as the stars, their real magnitude, on the lowest esti- 
mation, must be such as would fill the orbit of Uranus. 
He concludes that, if they be solid bodies of a solar 
nature, their intrinsic splendor must be greatly inferior 
to that of the sun, because a circular portion of the sun's 
disc, subtending an angle of 20'', would give a light 
equal to that of a hundred fnll moons; while on the 
contrary, the objects in question are hardly, if at all, 
visible to the naked eye. From the uniformity of 
the discs of the planetary nebulae, and their want of 
apparent condensation, he presumes that they may 
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be hollow shells, only emitting light from tlieir snr- 
fiices. 

The existence of every degree of elMpticity in the 
nebulae — ^from long lentieHkr rays to the exact circular 
form — and of every shade of central condensation — ^from 
the slightest increase of density to apparently a solid 
nucleus — may be accounted for by supposing the general 
constitutions of these nebulae to be that of oblate sphe- 
rmdal masses of every degree of flatness, from the 
sphere to the disc, and of every variety in their density 
and ellipticity toward the center. It would be errone- 
ous, however, to imagine that the forms of these sys^ 
terns are maintained by forces identical vnth those 
already described, which determine the form of a fluid 
mass in rotation ; because, if the nebulae be only clus- 
ters of separate stars, as in the greater number of cases 
there is every reason to believe ^em to be, no pressure 
can be propagated through them. Consequently, since 
no general rotation of such a system as one mass can 
be supposed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multitude of 
stars, each of which may be moving in an orbit about 
the common center of the whole, in virtue of a kw of 
internal gravitation resulting from the compound gravi- 
tation of all its parts. Sir John Herschel has proved 
that the existence of such a system is not inconsistent 
widi the law of gravitation under certain conditions. 

The distribution of the nebulae over the heavmis is 
even more irregular than that of the stars. In some 
places they are so crowded together as scarcely to allow 
one to pass -through the field of the telescope before 
another appears, while in other parts hours elapse with- 
out a single nebula occurring. They are in general only 
to be seen with the veiy best telescopes, and are most 
abundant in a zone whose general dh*ection is not far 
from the hour circles 0** and 12^ and which crosses the 
milky way nearly sA right angles. Where that zone 
crosses the constellations Virgo, Coma Berenices, and 
the Great Bear, they are to be found in multitudes. 

Such is a brief account of the discoveries contuned 
in Sir John HerschePs paper, whidi, for subfimity of 
views and patient investigation, has not been sorpaflsed 
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To him and to Sir William Herschel we owe almeet. ail 
that is known of sidereal astronomy : and in the inimi- 
table works of that highly gifted father and son, the 
reader will find this subject treated of in a style alto- 
gether worthy of it, and of them. 

Sir John Herschel has discovered some new and 
wonderful objects m the southern henusphere. Among 
others a beautiful planetary nebula, having a perfectly 
sharp, well defined disc of uniform brightness, exactly 
like a smaU planet with a satellite near its edge. Another 
is mentioned as being very extraordinary from its blue 
tint ; but by far the most singulai* is a close double star 
centrally involved in a nebulous atmosphere. 

So numerous are the objects which meet our view in 
the heavens, that we cannot imagine a part of space 
where some light would not strike the eye ; — ^innumera- 
ble stars, thousands of double and multiple systems, clus* 
ters in one blaze with their tens of thousands of stars, 
and the nebulae amazing us by the strangeness of their 
forms and the incomprehensibility of their nature, till at 
last, from the limit of our senses, even these thin and aixy 
[diantoms vanish in the distance. If such remote bodies 
shone by reflected light, we should be unconscious of 
their existence. Each star must then be a sun, and may 
be presumed to have its system of planets, satellites, 
and comets, like our own; and. for aught we know, 
myriads of bodies may be wandering in space unseen 
by us, of whose nature we can form no idea, and still 
less of the part they perform in the economy of the 
universe. Even in our own system, or at its farthest 
limits, minute bodies may be revolving like the new 
planets, which are so small that their masses have hith- 
erto been inappreciable, and there may be many still 
smaller. Nor is this an unwarranted presumption; 
many such do come within the sphere of the earth's 
attraction, are ignited by the velocity with which they 
pass through the atmosphere, and are jHreoipitated witii 
great violence on the earth. The fall of meteoric stones 
is much more frequent than is generally believed. 
Hardly a year passes without some instances occurring ; 
and if it be considered that only a small part of the eartii 
IS inhabited, it may be (Hresumed that numbers fiiill in 
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the oeean, or on the uninhabited part of the land, nn- 
•een by man. They are sometimes of great magnitade ; 
the Tolume of several has exceeded that of the planet 
Ceres, which is about 70 miles in diameter. One which 
passed within 25 miles of us was estimated to weigh 
about 600,000 tons, and to move with a velocity of about 
20 miles in a second — a fragment of it alone reached 
the earth. The obliquity of the descent of meteorites, 
the peculiar substances they are composed of, and the 
explosion accompanying their fall, show that they are- 
foreign to our system. Luminous spots, altogether in- 
dependent of the phases, have occasionally appeared on 
the dark part of the moon ; these have been ascribed to 
the light arising from the eruption of volcanos ; whence 
it has been supposed that meteorites have been projected 
from the moon by the impetus of volcanic eruption. It 
has even been computed, that if a stone were projected 
from the moon in a vertical line, with an initial velocity 
of 10,992 feet in a second — more than four times the 
Telocity of a ball when, first discharged from a cannon — 
instead of falling back to the moon by the attraction of 
gravity^ it would come within the sphere of the earth's 
attraction, and revolve about it like a satellite. These 
bodies, impelled either by the direction of the primitive 
impulse, or by the disturbing action of the sun, might 
ultimately penetrate the earth's atmosphere, and arrive 
at its surface, but it is much more probable that they 
are asteroids revolving about the sun, and diverted from 
their course by some disturbing force; at aU events, 
they must have a common origin, from the uniformity 
— ^we may almost say identity — of their chemical com 
position. 

Shooting stars and meteors differ from aerolites i.. 
several respects. They burst from the clear azure sky, 
ftud darting along the heavens, are extinguished without 
leaving any residuum, except a vapor-like smoke, and 
general^ without noise. Their parallax shows them 
to be very high in the atmosphere, sometimes even be- 
ycmd its supposed limit, and the direction of their motion 
is for the most part diametrically opposite to the motion 
of the earth in its orbit. The astonishing multitudes of 
shooting stars and fire-balls that have appeared within 
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those few years at stated periods over the American 
continent, and other parts of the globe, warrant the con* 
elusion that there is either a nebula, or that there are 
myiiads of bodies revolving in groups round the sun 
which only become visible when inflamed by entering 
our atmosphere. 

One of these nebulae or groups seems to meet the 
earth in its annual revolution on the 12th and 13th of 
November. 

On the morning of the 12th of November, 1799, 
thousands of shooting- stars, mixed wi& large meteors, 
illuminated the heaven's for many hours over the whole 
continent of America, from Brazil to Labrador : it ex- 
tended to Greenland, and even Germany. Meteoric 
showers were seen off the coast of Spain, and in the 
Ohio country, on the morning of the 13th of No- 
vember, 1831; and during many hours on the morning 
of the 13th November, 1832, prodigious multitudes of 
shooting stars and meteors fell at Mocha on the Ked 
Sea, in the Atlantic, in Switzerland, and at many places 
in En^and. But by much the most splendid meteoric 
shower on record began at nine o*clock in the evening 
of the 12th of November, 1833, and lasted till sunrise 
next morning. It extended from Niagara and the 
northern lakes of America to the south of Jamaica, and 
from 61** of longitude in the Atlantic to 100*^ of longi- 
tude in central Mexico. Shooting stars and meteors, of 
the apparent size of Jupiter, Venus, and even the full 
moon, darted in myriads toward the horizon, as if every 
star in the heavens had started from their spheres. 
They are described as having been frequent as flakes of 
snow in a snow-storm, and to have been seen with equal 
briUifmcy over the greater part of the continent of 
North America. 

Those who witnessed this grand spectacle were sur- 
prised to see that every one of the luminous bodies, 
without exception, moved in lines vvhich converged in 
one point in the heavens : none of them started from 
that point; but their paths, when traced backward, 
met in it like rays in a focus, and the manner of their 
fell showed that they descended from it in nearly paral- 
lel straight linee toward the earth. 
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By hr th« viesfc extraordinaiy part Qf the whole ^e- 
Dameoon is tliat this radiant point was observed to re- 
laain stationaiy near the star y Leonis for more than 
two hours and a hal^ which proved the source of the 
meteoric shower to be altogether independent of the 
earth*s rotation, and its parallax showed it to he far 
above the atmosphere. 

As a body could not be actually at rest in that posi- 
tion, the group or nebula must either have been moving 
round the earth or the sun. Had it been moving about 
the earth, the course of the meteors would have been 
taageatial to its surfiice, whereas they fell almost per- 
pendicularly, so that the earth in its annual revolution. 
must have met with the group. The bodies or the 
parts of the nebula that were nearest must have been 
attracted toward the earth by its gravity, and as they 
were estimated to move at the rate of fourteen miles in 
a second, they must have taken iire on entering our 
atmosphere, and been consumed in their passage through 
it. 

As all the circumstances of the phenomenon were 
similar on the same day and during the same hours in 
1832) and as extraordinary flights of shooting stars were 
seen at many places both in Europe and America on 
the 13th of November, 1834, 1835, and 1836, tending 
also from a fixed point in tiie constellation Leo, it has 
been conjectured, with much apparent probability, that 
this nebi:da or group of bodies performs its revolution 
round the sun in a period of about 182 days, in an ellip- 
tical orbit, whose major axis is 119 millions of miles; 
and that its aphelion distance, where it comes in contact 
with the earth's atmosphere, is about 95 millions of 
miles, or nearly the same with the mean distance of 
the earth from the sun. This body must have met 
with disturbances after 1799, which prevented it from 
encountering the earth for 32 years, and it may again 
deviate from its path frorii the same cause. 

Ajs early as the year 1833, Professor Olmsted, oi 
Yale College in the United States of America, had con- 
jectured that the phenomenon of shooting stai^ origi- 
nated in the zodiacal light, and his subsequent observa- 
tions, continued for three successive years, have tended 
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to confirm him in this opinion. He agrees with La 
Place in thinliing that the zodiacal light is a nebulous 
Body, revolving in the plane of the solar equator. In 
fact, this light stretches beyond the earth*s orbit, making 
an angle of about 7^*^ with the plane of the ecliptic, and 
according to observation, it is sometimes seen in the 
dawn, and sometimes in the twilight, like an inferior 
planet. It was seen by Professor Olmsted for several 
weeks previous to the 13th of November, in the morn* 
ing dawn, with an elongation (N. 231) of from 60° to 
90° west of the sun. It then by degrees withdrew from 
the morning sky, and appeared in the evenings imme- 
diately after twilight, rising like a pyramid through the 
constellations Capricornus and Aquarius, to an elonga- 
tion of more than 90° eastward of the sun. A change 
like this taking place annually about the 13th of Novem- 
ber, has led the Professor to believe that it is to the 
zodiacal light we are indebted for those splendid exhibi- 
tions of &Uing stars which take place at that season. 

The orbit already described is that which he formerly 
assigned to this nebulous or cometaiy body, but he is 
now of opinion that it has a period of something less 
than a year, which would not only account for the shoot- 
ing stars of the 13th of November, but would also ac- 
count for those that happen at all seasons, and for some 
very great showers of them that have taken place on 
two occasions near the end of April. In the position 
assigned to this orbit by Professor Olmsted, showers of 
shooting stars may happen in November and April. 
Since the last edition of this book a very able memoir 
has been published by M. Biot, in which that great 
philosopher shows that in his opinion also, naeteoric 
showers are owing to the zodiacal light coming into pe- 
riodic contact with die atmosphere of the earth. Which 
of these conjectures may be nearest the truth time alone 
can show ; but certain it is that the recurrence of this 
phenomenon at the same season for seven successive 
years proves that it can arise from no accidental cause. 
25 Kk 
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Section XXXVIII. 

0iilxi8ioii of Matter throagh Space — Grayitatioii'-fts Veladty-^Simpltatf 
of its Law»— GraTitaticm indBpendeiit of the Magnitude and Distaih-es of 
the Bodies — Not impeded by the Intervention of any Substance — Ita 
Intensity inTariable--General Laws — ^Recapitulation and ConclusioaL 

The known quantity of matter bears a very small pro- 
portion to the immensity of space. Large as the bodies 
are, the distances which separate them are immeasura- 
bly greater ; but as design is manifest in every part of 
creation, it is probable that if the various systenM in the 
universe had been nearer to one another, their mutual 
disturbances would have been inconsistent with the har- 
mony and stability of the whole. It is clear that space 
is not pervaded by atmospheric air, since its resistance 
would, long ere this, have destroyed the velocity of the 
planets ; neither can we affirm it to be a void, since it 
seems to be replete with ether, and traversed in all di- 
rections by light, heat, gravitation, and possibly by influ- 
ences whereof we can form no idea. 

Whatever the laws may be that obtain in the more 
distant regions of creation, we are assured that One alone 
regulates the motions, not only of our own system, but 
also of the binary systems of the fixed stars ; and as 
general laws form the ultimate object of philosophical re- 
search, we cannot conclude these remarks without con- 
sideling the nature of gravitation — that extraordinary 
power, whose effects we have been endeavoring to trace 
through some of their mazes. It v^as at one time im- 
agined that the acceleration in the moon's mean motion 
was occasioned by the successive transmission of the 
gravitating force. It has been proved, that in order to 
produce this effect, its velocity must be about fifty mill- 
ions of times greater than that of light, which fiies at 
the rate of 200,000 miles in a second. Its action, even 
at the distance of the sun, may therefore be regarded 
as instantaneous ; yet so remote are the nearest of the 
fixed stars, that it may be doubted whether the sun has 
any sensible influence on them. 

The curves in which the celestial bodies move by the 
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force of gravitBtion are only lines of the second order. 
The attraction of spheroids, according to any other law 
of force than that of gravitation, woiild be mnch more 
complicated ; and as i^is easy to prove that matter might 
have been moved according to an infinite variety of laws, 
it may be concluded that gravitation must have been de- 
lected by Divine Wisdom out of an infinity of others, as 
being the most simple, and that which gives the great- 
est stability to the celestial motions. 

It is a singular result of the simplicity of the laws of 
nature, which admit only of the observation and com- 
parison of ratios, that the gravitation cmd theory of the 
motions of the celestial bodies are independent of their 
absolute magnitudes and distances. Consequently, if all 
the bodies of the solar system, their mutual distances, 
and their velocities, were to diminish proportionally, they 
Would describe curves in all respects similar to those in 
which they now move ; and the system might be suc- 
cessively reduced to the smallest sensible dimensions, 
and still exhibit the same appearances. We learn by 
experience that a very different law of attraction pre- 
vails when the particles of matter are placed within in- 
appreciable distances from each other, as in chemical 
and capillary attraction, the attraction of cohesion, and 
molecular repulsion, yet it has been shown that in all 
probability not only tibese, but even gravitation itself, is 
only a particular case of the still more general principle 
of electric action. 

The action of the gravitating force is not impeded by 
the intervention even of the densest substances. If the 
attraction of the sun for the center of the earth, and of 
the hemisphere diametrically opposite to him, were di- 
minished by a difficulty in penetrating the interposed 
matter, the tides would be more obviously affected. Its 
attraction is the same also, whatever the substances of 
the celestial bodies may be ; for if the action of the sun 
upon the earth differed by a millionth part from his ac- 
tion upon the moon, the difference would occasion, a 
periodical variation in the moon's parallax, whose maxi- 
mum would be the ^ of a second, and also a variation in 
her longitude amounting to sevei^Bl seconds, a supposi- 
tion proved to be impossible, by the agreement of tlieory 
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with observation. Thus all matter is pervious to gravi- 
tation, and is equally attracted by it. 

Gravitation is a feeble force, vastly inferior to electrie 
action, chemical affinity, and cohesion; yet as &r as 
human knowledge extends, the intensity of gravitation 
has never varied within the Umits of the soliur system ; 
nor does even analogy lead us to expect that it should : 
on the contrary, there is every reason to be assured that 
the great laws of the universe are immutable, like their 
Author. Not only the sun and planets, but the mi- 
nutest particles, in all the varieties of their attractions 
and repulsions — nay, even the imponderable matter of the 
electric, galvanic, or magnetic fluid — are all obedient to 
permanent laws, though we may not be able in every case 
to resolve their phenomena into general principles. Nor 
can we suppose the structure of the globe alone to be 
exempt from the universal fiat, though ages may pass 
before the changes it has undergone, or that are now in 
progress, can t^ referred to existing causes with the 
same certainty with which the motions of the planets, 
and all their periodic and secular variations, are refera- 
ble to the law of gravitation. The traces of extreme 
antiquity perpetually occurring to the geologist give that 
information, as to the origin of thin^, in vain looked for 
in the other parts of the universe. They date the be- 
ginning of time with regard to our system ; since there 
is ground to believe that the formation of the earth was 
contemporaneous with that of the rest of the planets ; 
but they show that creation is the work of Him with 
whom **a thousand years are as one day, and one day 
as a thousand years." 

In the work now brought to a conclusion, it has been 
necessary to select from the whole circle of the sciences 
a few of the most obvious of those proximate links which 
connect them together, and to pass over innumerable 
cases both of evident and occult alliance. Any one 
branch traced through its ramifications would alone have 
occupied a volume ; it is hoped, nevertheless, that the 
view here given will suffice to show the extent to which 
a consideration of the reciprocal influence of even a few 
of these subjects may ultimately lead. It thus appears 
that the theory of dynamics, rounded upon terrestrial 
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phenomena, is indispensable for acquiring a knowledge 
of the revolutions of the celestial bodies and their recip- 
rocal influences. T^he motions of the satellites are af- 
fected by the forms of their primaries^ and the figures 
of the planets themselves depend upon their rotations. 
The symmetry of their internal structure proves the 
stability of these rotatory motions, and the inmiutability 
oi the length of the day, which furnishes an invariable 
standard of time ; and the actual size of the terrestrial 
spheroid affords the means of ascertaining the dimensions 
of the solar system, and provides an invariable founda- 
tion for a system of weights and measures. The mutual 
attraction of the celestial bodies disturbs the fluids at 
theur surfaces, whence the theory of the tides and of the 
oscillations of the atmosphere. The density and elas- 
ticity of the air, varying with every alternation of tem- 
perature, lead to the consideration of barometrical 
changes, the measurement of heights, and capillary at- 
traction ; and the doctrine of sound, including the theory 
of music, is to be referred to the small undulations of 
the atrial medium. A knowledge of the action of mat- 
ter upon light is requisite for tracing the curved path of 
its rays through the atmosphere, by which the true 
places of distant objects are determined whether in the 
heavens or on the earth. By this we learn the nature 
and properties of the sunbeam, the mode of its propaga- 
tion through the ethereal fluid, or in the interior of ma- 
terial bodies, and the origin of color. By the eclipses of 
Jupiter's satellites, the velocity of light is ascertained ; and 
that 'velocity, in the aberration of the fixed stars, fur- 
nishes the only direct proof of the real motion of the 
earth. The effects of tiie invisible rays of light are im- 
mediately connected with chemical action ; and heat, 
forming a part of the solar ray so essential to animated 
and inanimated existence, whether considered as invisi- 
ble light or as a distinct quality, is too important an agent 
in the economy of creation, not to hold a principal place 
in the connection of physical sciences. Whence follows 
its distribution in the interior and over the surface of the 
globe, its power on the geological convulsions of our 
planet, its influence on the atmosphere and on climate, 
and its effects on vegetable and animal lifS», evinced in 

KK 3 


390 CONCLUSION. Sicr.XXXVm. 

the localities of organized beings on the earth, in the 
waters, and in the air. The connection of heat with 
electrical phenomena, and the electricity of the atmos- 
phere, together with all its energetic effects, its identity 
with magnetism and the phenomena of terrestrial po- 
larity, can only be understood from the theories of these 
inyisible agents, and are, probably, identical with, or at 
least the principal causes of, chemical affinities. Innu* 
merable instances might be given in illustration of the 
immediate connection of the physical sciences, most of 
which are united still more closely by the common bond 
of analysis, which is daily extending its empire, and will 
ultimately embrace almost every subject in nature in its 
formulas. 

These formulae, emblematic of Omniscience, condense 
into a few i^mbols the immutable laws of the universes 
This mighty instrument of human power itself originates 
in the primitive constitution of the human mind, and 
rests upon a few fundamental axioms, which have eter- 
nally existed in Him who implanted them in the iHreast 
of man when He created him after His own image. 
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Non I, pi(« a.— ZMmcdr. AiInV>tUii» p»1b( Umofh tlv MB- 
lor, ftad Ivrmlnalsd both hbvs br tbv ihIh or mrAc* of a dKurB.iuehu 
ofadnteocipbsn. In fl(. 1. ( O. N B, in dltmeian. 

UKh Ibe Iktn^^iunlHi and qiuaUly ; mMhutci Irnt tf the eqnl- 

NoiB 3. f. B.— tiAiatoiu li B Hila of nuonlu condueM ti* •!■» « 
qnaloli of Ibe qouUllH wluM niMiau fona the id^Jbci of iBqulrr- 

NoTI 4, p. 3.— OHifJdMnt an moreinenli to ud tn, like Ihs Mtinl- 
iBfi^the pendulum of a dock, otwami In water. Ttae lldei emacU- 
laUouorfbeiea. 

Ortviljilt Ihe Mclprocal atiractloD of 
Lt the dLabrtocs betweea giavlty and the 


10 Ua lurhM are equal, "ni^ an called ladU, aid amj line paailni 
lhioa(b Ibe e«nlal (Ud lenoloaied bDtliwByi by Iht aurftea lia diameter, 
wblcli li ooDieqnenilr •goal to twice the ndlui, Infif. 3,a(oiKSla 
■ diameter, and C Q. 14 an ndu. A peat dtele of tlie ipbera liai iha 
nae center irllfa the ipben ■■ the areleaaEf' and ONfB. Tha 
dnle AB li a l«er dicle of Ibe iphere. 
Ndtie a. p. i.—CncnOrit JtaUns rr*^a. Shelli, 01 taoUow ipberea, 

Kon a, p. 4^(^*irlM. AwUdbodf.irtilBbBamattmaaliaaAeahapa 
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coDStitate 


the whole 


of vk onnge, as in fig. 1 ; it is then caUad an oblat© sphendd, beeanae U 
is flattened at the poles N and S. Such ~" '" 

is the form of the earth and planets. 
When, on the contrary, it to drawn out 
of the poles like an egg, as In fig. S, it is 
called a prolate spheroid. It is evident 
that in both these solids the radii C 9, C a, 
C Nt A«M are generally unequal ; where- 
as in the sphere they are all equal. 

NoTS 10, p. i.-~CenUr of gravity. A 
point in every body, which if supported, 
the body will remain at rest in what- 
ever position it may be placed. About 
that point all the parts exactly balance 
one another. The celestial bodies at- 
tract each other as if each were con- 
densed hito a single particle situate in 
the c«iter of gravity, or the particle situ- 
ate in the center of gravity of each may 
be regarded as possesring the resultant 
power of the innumerable oblique forces which 
attraction of the body. 

Note 11, pp. 4, 6.— Poles and equator. Let fig. 1 or 3 represent the 
earth, C its center, N C S the axis of rotation, or the imaginary line aboat 
which it performs iu daily revolution. Then N and S are the north and 
south poles, and the great circle 9 E CI, which divides the earth into two 
equal parts, is the equator. The 
earth is flattened at the poles fig. 
1, the equatorial diameter, a Q, 
exceeding the polar diameter, K S, 
by about 36i miles. Lesser cir- 
cles, A B 6, which are parallel to 
the equator, are circles or parallels 
of latitude, which Is estimated in 
degrees, minutes, and seconds, 
north and soutii of the equator, 
every place in the same parallel 
having the same latitude : Green- 
vrich is in the parallel of 5lO38'40''. 
Thus terrestrial latitude is the an- 
gular distance between the direc- 
tion of a plumb-line at any place 
and the plane of the equator. 
Lines such as Nas, N6ES, 
fig. 3, are called meridians ; all the places in any (me of these lines have 
noon at the same instant. The mendian of Greenwich has been chosen 
by the British as the origin ef terrestrial longitude, which is estimated in 
degrees, minutes, and seconds, east and west of that line. If N G E S be 
the meridian of Greenwich, the position of any place, B, is determined^ 
when its latitude, dC B, and its longitude, E C Gt, are known. 

NoTB 13, p. 4. — Mean fuantitiM are such as are Intermediate between 
others that are greater and less. The mean of any number of unequal 

auantities is equal to their sum divided by their number. For instance, 
[le mean betwemi two unequal quantities is equal to half their sum. 

Note 13, p. A.—Ji certain mean laUtude. The attraction of a sphere on 
an external body is the same as if its mass were collected into one heavy 
particle in its center of gravity, and the intensity of its attraction dimin- 
UuM as the square of its distance from the ezlemal body increases. Bat 
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the attnction of a spheroid, flg. 1, on an external body at m in the |riane 
of its equator, E Q, is greater, and its attraction on the same body ^hen 
at m' in the axis N B less, than if it were a sphere. Therefore, in both 
cases, the force deviates from the exact law of gravity. This deviation 
arises from the protuberant matter at the equator ; and as it diminishes 
toward the poles, so does the attractive force of the spheroid. But there 
is one mean latitude, where the attraction of a spheroid is the same as 
if it were a sphere. It is a part of the spheroid intermediate between the 
equator and the pole. In that latitude the square of the sine is equal to 
I of the equatorial radius. 

NoTB 14, p. 4. — Mean distane*. The mean distance of a planet from 
the center of the son, or of a satellite from the center of its planet, is 
equal to half the sum of its greatest and least distances, and consequently 
b equal to half the m^jor axis of its orbit. F<h- example, let P d A D, 
flg. 6, be the orbit or patii of the moon or of a planet ; then P A is the 
major axis, C the center, and C S is equal to C F. Now, since the earth 
or the sun is supposed to be in the point S according as P D A Q is regarded 
as the orbit of the moon or that of a planet, S A, S P are the greatest and 
least distances. But half the sum of S A and S P is cnual to half of A P, 
the major axis of the orbit. When the body is at Q or D, it is at its 
mean distance ftoax S, for S Q, 8 D are each equal to C P, half the major 
axis by the nature of the curve. 

NoTB 15, p. 4. — Mw* radius of tha earth. The distance fhun the cen- 
ter to the Buiface of the earth, regarded as a sphere. It is intermediate 
between the distances of the center of the earth from the pole and from 
the equator. 

NoTB Ifi, p. 5. — Ratio. The relation which one quantity bears to 
anoUier. 

NoTB 17, p. 5. — Square of moon's distance. In order to avoid laige 
numbers, the mean radius of the earth is taken for unity : then the mean 
distance of the moon is expreraed by 60 ; and the square of that nomber 
la 3000, or 00 times 00. 

NoTB 18, p. 5.— Centrifugal force. The force with which a revolving 
body tends to fly fh)m the center of motion : a sling tends to fly from the 
hand in consequence of the centrifugal force. A tangent is a straight line 
touching a curved line in one point without cutting it, as laT, flg.4. The 
direction of the eentriftigal force is 
in the tangent to the curved line or 
path in wliich the body revolves, 
and its intensity increases with the 
angular swing of the body, and with 
its distance from the center of mo- 
tion. As the orbit of the moon does 
not difibr much from a circle, let it 
he represented by m dg A, flg. 4, 
the earth being in C. The centrl- 
ftagal force arising from tlie velocity 
of the moon in aer orbit balances 
the attraction of the earth. By their 
Joint actioB,the moon moves tfarouch 
the arc m » during the tbne that she 
would fly off in the tangent mT by 
the action of the centrifugal force 
alone, or fhll through mp by the 
earth's attraction alone. T n, the 
deflection flrom the tangent. Is parallel and equal to mp, the versed dot 
of the arc m », supposed to be moved over by the moon in a second, and 
therefore so very small that it may be regarded as a straight line. T n 
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or mpt is the space the imood would fUl ttoough In tiie fint second of 
her descent to Cm earth, were she not retained In her oifoit hy her cen- 
tfUhgal fiwce. 

Nora 19, p. 5.-^AeUon amd rtaetion. When motion is comnranlcated 
bjr collision or pressure, the action of the body which striices is returned 
wltb equal force by the body which receives the blow. The pressure of 
a hand on a table is resisted wiUi an equal and contrary force. This 
necessarily follows from the Impenetrability of matter, a property by which 
no two particles of matter can occupy the same identical portion of qiace 
at the same ttme. When motion is communicated without apparent 
contact, as in gravitation, attraction, and repulsion, the quantity of motion 
gained by the one body is exactly equal to that lost by tbe other, bat in p 
eontrary direction ; a circumstance known by experience only. 

Note 90, p. 5. — Pra/eeUd. A body is projected when it is thrown ; a 
ball fired from a gun & projected ; it is therefore called a (Hojectile. But 
the word has also anotlicr meudnc. A line, surfoce, or solid body, la 
Mdd to be projected upon a plane, when parallel straight lines are drawn 
from every p^nt of it to the plane. The figure «o trMed upon the plane 
is a projection. The projeedon of a terrestrial object is Uierefore its day- 
hght shadow, since tlie sun*s rays are sensibly parallel. 

MoTB 31, p. 5,— Space. The boundless region which contains alt eieatlor . 
NoTB 38, pp. S, l^—Conie Stctions. Lines formed by any plane cat 

Fig. 6. 
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ting a C0I19. A cone i> a solid figure, lik» a 8«g»r-loaf, fig. 5, of whkh A 
in the apex, AD the axis, and the plane BEGF the base. The axis 
may or may not be perpendicalar to the base, and the base may be a 
^ele, or any other curved line. When the axis is perpendicular to the 
base^the solid is a right cone. If a right cone with a circular base be cut 
at right angleeto the base l^ a plane passing through the apex, the see^ 
tion will be a triangle. If the cone be cut through both sides by a plane 
parallel to the base, the section will be a circle. If the cone be cut slanting 
quite through both sides, the section will be an ellipse, fig. 6. If the cone 
be cat puallel to one of the sloping sides, as A B, the section will be a 
parabola, ng. 7. And if the plane cut only one side of the con^, and be'not 
parallel to the other, the section will be a hyperbola, fig. 8. Thus there 
are five conic sections. 

Note 23, p. 5. — Inverse square of distance. The attraction of one body 
for another at the distance of two miles Ls four times leas than at the 
distance of one mile ; at three miles, it is nine times less than at one ; at 
four miles, it is sixteen times less, and so on. That is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

Note 24, p. 5.—EUtp»e. One of the conic sections, fig. 6. An ellipse 
may be drawn by fixing the ends of a string to two points, S and F, in a 
sheet of paper, and then carrying the point of a pencil round in the loop 
of the string kept stretched, the length of the strkig being greater than 
the distance between the two points. The points S and F are called the 
foci, C the center, SC or OF the eccentricity, A P the major axis, Q,D 
the minor axis, and P S the focal distance. It Is evident that the less the 
eccentricity C S, the nearer does the ellipse approach to a circle; and 
from the construction it Is clear that the length of the string S-m F is 
equal to the major axis PA. If T e be a tangent to the ellipse at m, then 
the angle T m S is equal to the angle tmF; and as this is true for eveiy 
point in the ellipse, it follows, that Ui an elliptical reflecting sArface, rays 
of light or sound coming from one focus S will be reflected by the surface 
to the other focus F, since the angle of incidence is equal to the angle of 
reflection by the theories of light and sound. 

NoTB 25, p. i.^Periodic time. The time hi which a planet or comet 
perfonns a revolution round the sun, or a sate^ite about its planet. 

NoTB 26, p. 5. Kepler discovered three laws in the planetary motioiiB 
by which the principle of gravitation is established: — let law, That die 
radii vectores of the planets and comets describe areas proporttonai to the 
time. Let fig. 9 be tiie orbit of a planet; p^. g. 

then supposing the spaces or areas PSj>, 
pSoy a 8 6, &c. equal to one another, the 
radius vector S P, which is the line joining 
the centers of the sun and planet, passes 
over these equal spaces in equal times, 
that is, if the line SP passes to Sp in one p 
day^ it will come to Sa in two days, to Sft 
in three days, and so on. 2d law, That the 
orbits or paths of the planets and comets 
are conic sections, having the sun in one of 
their foci. The orbits of the planets and 
satellites are curves like fig. 6 or 9, called 
ellipses, having the sun in the focus S. Three comets are known to 
move in ellipses, but the creater part seem to move in parabolas, fig. 7, 
having the sun in S, though It is porobable that they really move in very 
long flat ellipses; others appear to move in hyperbolas, like fig. 8. The 
third law is, that the squares of the periodic times of the planets are pro- 
portional to the cubes of their mean distances from the sun. The square 
of a number is that number multiplied lyy itself, and the cube of a nom 
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ber is that number twice multipUed by itself. For eiamplet the iquiM 

of the nuinben % 3, 4, Ace. are 4, 9, 10, Ate., bat their cubes are 8, 37, 64 

Abc. Then the squares of the numbers representing the periodic times o« 

two planets ore to one another as tbe cuhes of the numbers representlnf 

their mean distances firom the sun. So that throe of tiiese quantities 

being Imown, the other may be foand by the rule of three. The mean , 

distances are measured in miles or terrestrial radii, and the periodic times 

are estimated in years, days, and parts of a day. Keplw's laws extend to 

the satellites. 

NoTB S7, p. 5.— Mass. The quantity of matter in a given bulk. It la 
proportional to the density and volume or bulk conjointly. 

NoTB 28, p. 5.—Oravitation proportional to mass. But for the. resist- 
ance of the air, all bodies would fall to the ground in equal times. In 
fact a hundred equal particles of matter at equal distances from the sur- 
face of the earth would fall to the ground in parallel straight lines with 
equal rapidity, and no change whatever would take place in the circum- 
stances of their descent, if 99 of them were united in one solid mass; for 
the solid mass and the single particle would touch the ground at the 
same instant, were it not for the resistance of tbe air. 

NoTB 39, p. 5. — Primary signifies, in astronomy, the planet about which 
a satellite revolves. The earth is primary to the moon. 

NoTX 30, p. 6.^Rotation. Motion round an axis, real or imaginary. 

NoTB 31, p. 7. — Coimtression of a spheroid. The flattening at the poles. 
It is equal to the diflerence between tbe greatest and least diameters, 
divided by the greatest ; these quantities being expressed in some stand- 
ard measure, as miles. 

Note 32, p. 7. — Satellites. Small bodies revolving abcnit some of the 
plane'ts. The moon is a satellite to the earth. 

Note 33, p. 7.— JWtation. A nodding motion in the earth's aids while 
in rotation, similar to that observed in die qiinning of a top. It is pro- 
duced by the attraction of the sun and moon on the protuberant matter 
at the terrestrial equator. 

Note 34, p. I.^Axis of Rotation. The line, real or imaginary, about 
which a body revolves. The axis of the earth's rotation is that diameter, 
01 imaginary line, passing through the center and both poles. Fig. 1 being 
the eartht N8 is the axis of rotation. 

Not* 35, p. 7.— JV«t«et0m of Innar orbit. The action of the bulging 
matter at tiie earth's equator on the moon occasions a variation in the 
inclination of the lunar orbit to the plane of the ecliptic. Suppose the 
plane N^ ft, fig. 13, to be the orbit of the moon, and N m nthe plane of the 
ecliptic, the earth's action on the moon causes the anele p N m to become 
less or greater than its mean state. The nutation in the limar orbit Is the 
reaction of the nutation in the earth's axis. 

NoTX 36, p. 7. — Translated. Carried forward in space. 

Note 37* p. 8.— Jibres pri^Mrtional to vslocity. Since a force is meas- 
ured by its eflbct, the motions of the bodies of the solar system among 
themselves would be the same whether the system be at rest or not. The 
real motion of a person walUng the deck of a ship at sea is compounded 
of his own motion and that of the ship, yet each takes plaoe independently 
of the oUier. We walk about as if the earth were at rest, though it has 
the double motion- of rotation on its axis and revolution round the sun. 

NoTB 38, p. S.— Tangent. A straight line which touches a curved 
line in one point without cutting it. In fig. 4, m T is tangent to the curve 
in the point mT In a circle the tangent is at right angles to the radius Cm. 

NoTB 39, p. 8.— Motion m an eUiptieal orbit. A planet sa, fig. 0, moves 
round the sun at S to nn ellipse FD A Ci» in consequence of two forces 
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one lining il in the direction of tlie tangent mT, and another pulling it 
toward the sun in the direction m S. Its velocity, which is greatest at 
P, decreaaee throughout the arc to PDA to A, where it is least, and 
increases continually as It moves along the arc A CIP till it conies to P 
again. The whole force producing Uie elliptical motion varies inversely 
as the square of the distance. See Note 23. 

NoTB 40, p. 8. — Radii veetare*. Imaginary lines j(rining the center of 
the sun and the center of a planet or comet, or the centers of a planet and 
its satellite. In the circle, the radii are ail equal ; bui^in an ellipse, fig. 6, 
the radius vector S A is greater, and S P less than all the others. The 
radii vectores, S Q, 8 D, are equal to C A or C P, half the major axis P A, 
and consequently equal to the mean distance. A planet is at its mean 
distance from the son when in the points CI and D. 

NoTX 41, p. 8. — Equal areas in equal times. See Kepler's 1st law in 
Note 36, p. 5. 

Note 43, p. e.—Jlf<yor Axis. The Ihie P A, fig. 6 or 10. 

NoTX 43, p. 9.--If the planet de- 
scribed a circle^ ^c. Tlie motion of 
a planet about the sun, in a cirele 
A B P, fig. 10, whose radius C A is 
equal to the planet's mean distance 
from him, would be equable, that 
is, it* velocity, or speecl, would al- 
wavs be the same. Whereas, If It 
moved in the ellipse ACkP, its 
speed would be eontinually vary- 
ing, by Note 39 ; bat its motion is 
such, that the time elapsing be- 
tween its departure from r, and itt 
return to that point again, would be 
the same, whether it moved in the 
circle or in the ellipse ; for these 
curves coincide in the points P & A. 

NoTS 44, p. 9.— TViis motum. 
PDAa,flg. 10. 

NoTX 45, p. 9.— Mean motion. Equable motion in a circle P E A B, 
fig. 10, at the mean distance C P or C m, in the time that the body woald 
accomplish a revolution in its elliptical orbit P D A CI. 



The motion of a body In its real oiUt 


NoTK 4«, p. 9.— 7*he equi- 
nox. Fig. 11 represents the 
celestial sphere, and C its 
center, where the earth is sup- 
posed to be. 7 T d :^ is the 
equinoctial or great circle, 
traced in the starry heavens 
by an Imaginary extension of 
ttfte plane of the terrestrial 
equator, and E T « sSs hi the 
ecliptic, or apparent path of 
the sun round the earth. T :^ 
the intersection of these two 
planes, is the line of the equi- 
noxes; T is the vernal equi- 
nox, and c£= the autumnal. 
When the sun is in these 
points, the days and nightB 
are equal. They are disttmt 
from one another by a aeml- 


F!g,ll. 
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cii«i«^ or two right angtofl. ' The poliitB E and • are the Mristieea, 

5 here the son is at hi* greatest distance ttom the equinoctial, 
he equinoctial is everywlM^ ninety d^jnrees distant from its poles 
N and S, which are two points diametrically opposile to one another, 
where the axis of the earth's rotati<Ni, if prolonged, would meet the 
heavens. The northern celestial pole N is within !<> 34' of the pole 
star. As the latitude of any |dace on the surface of the earth is equal to 
the height of the pole alwve the horizon, it is easily determined by 
observatiun. Th» ecliptic E T c :S: is also everywhere ninety degrees 
dlstaat from its poles P and p. The angle P CN , between the poles P 
and M of the eqainoetial and ecliptic, is equal to the angle e C Q, called 
the obliquity of the ecliptic 

NoTB 47, p. 9.— ZiM^'teis. The vernal eqninoz, T, fig. 11, is the 
sero point in the heavens whence celestial longitudes^ or the angular 
motions of the celestial bodies, are estimated from west to easti tiie 
direction in which they all revolve. The vernal equinox is genemlly 
called the first point of Aries, though these two points have not coin- 
cided since the early ages of astronomy, about 2333 years ago, on account 
of a motion in the equinoctial points, to be explained bereatWr. If 8 T, 
flg. 10, be the line of the equinoxes, and T the vernal equinox, the true 
longitude of a planet p is the angle T Sp, and its mean longitude is the 
angle T C m, the sun being in S. Oelestial longimde is the angular 
distance of a. heavenly body from the vernal equinox ; whereas terres- 
trial longitude is the angular distance of a place on the surface of the 
earth frcm a meridian arbitrarily chosen, as that of Greenwich. 

Note 48, pp. 9, SI.— -Equation of the unter. The diflbrenoe between 
T Cm and T Sp, flg. 10 ; that is, the difference between the true and 
mean longitudes of a planet or satellite. The true and mean places only 
coincide in the points P and A ; in every other point of the orbit, the 
true place is either before or behind the mean place. In moving ftom A 
tiirough the arc A dP, the true place p is behind the mean place m; 
and through the are PDA the true place is before the mean place. At 
its maximum, the equation of tiie center meaaures C 8, the eccentricity 
of the orbit, since it 19 the difference lietween the motion of a body in 
an ellipse and in a circle whose diameter A P is the m^jor axis of the 
ellipse. 

Note 49, p. d.-^poidoo. The points P and A, fig. 10, at the ex- 
tremities of the ougor axis of an orbit P is commonly called the 
perihelion, a Greek term, signifying round tke oun ; and the point A Is 
called the aphelion, a Greek term, signifying at a tUntanee from the oun. 

NoTB 50t p. 9.— JVtnete degreeo. A circle is divided into 360 equal 
parts, or degrees; each ctegree into 00 equal parts, called minutes ; and 
each minute into 00 equal parts, called sec<Nids. It is usual to write 
these quantities thus, 15^ 16' 10", which means fifteen degrees, sixteen 
minutes, and ten seconds. It is clear that an arc m n, fig. 4, measures 
the angle mC »; hence we may say, an arc of so many degrees, or an 
aiwle of so many degrees : for if there be ten degrees In the angle 
mCii, there will be ten d«pees in the are »m> It is evident that then 
are 9(K> hi a right angle, mC d, or quadrant, since it is the fourth put 
of360O. 

NoTB 51, p. 9. — ^uadraturoo. A celestial body is said to be In quad- 
rature when it is 00 degrees distant from the sun. For example, in flg. 
14, if d be the sun, the earth, and P the moon, then the moon is said to 
be in quadrature when she is in either of the points d or D, because the 
angles Q 8 d and D 8 d, which measure her apparent distance firom the 
sun, are right angles. 

NoTB 53, p. 9. — Eeeentrieitjf. Deviation from circular form. In fig. 
0, C 8 is the eccentricity cf the orbit, P Q A D. The leas C 8, the more 
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oeariy does th« orbit or ellipse apiHroach the cireular fbrm ; and when 
CS is zwo, the ellipse becomes a circle. 

Note 53, p. 9.^Inelination of an jrrML Let S, fig. IS, be the center 
of the SOB, P N An, the orbit rv- 10 

of a plauet moviag from west *' 

to east in the direction N p. 

Let £ N m c n be the diadow 

or projection of the orbit on 

the plane of the ecUp^c^ then £ 

IvSn is the intersection of 

these two planes, for the orbit?* 

rises above the plane of the 

ecliptic toward N^, and sinks 

below it at N P. The angle 

p N m, which these two planes 

make with one another, is the M * 

inclination of the orbit P N p A to the plane of the ecliptic. 

NoTB 54, p. 9.—-ZjaUtMde of a planet. The angle j» S m, fig. 1% or the 
height of the planet p above the ecliptic E N m. In this case the latitude 
i0 north. Thus, celestial latitude is the angular distance of a celestial 
body from the plane of the ecliptic, whereas terrestrial latitude is the 
angular distance of a place on the surface of the earth from the equator. 

NoTB 55, p. 10.— JVVn<««. The two points N and n, fig. 13, in which 
|he orbit N A»P of a planet or comet intersects the plane of the 
ecliptic e N En. The part N A n of the orbit lies above the plane of 
the ecliptic, and the part nPN below it. The ascending node N is the 
point through which the body passes in rising above the plane of the 
ecliptic, and the descending node n is the point in which the body sinks 
below it. The nodes of a satellite's orbit are the points in which it 
intersects the plane of the orbit of the planet 

Note 56, p. 10.— DUtanee from the sun. S p in fiff, 13. If T be the 
vernal equinox, then T Sj» is the longitude of the planet p, m Sp is its 
latitude, and Sp its distance firom the sun. When these three quantfties 
are known, the place of the planet p is determined in space. 

NoTX 57, pp. 10, 58.-^Element3 of an orbiL Of these there are seven. 
Let P N A n, fig. 13, be the elliptical orbit of a planet, C its center, S the 
sun in one of the foci, T the point of Aries, and EN «n the plane of the 
ecliptic. The elements are, the m^jor axis A P ; die eccentricity C S ; 
the periodic time, that is, the time of a complete revolution ^of the body 
in its orbit ; and the fourth is the longitude of the body at any given in- 
stant: for example, that at which it passes through the perihelion, P, the 
point of its orbit nearest to the sun. That instant is assumed as the origin 
of time, whence all preceding and succeeding periods are estimated. 
These four quantities are sufficient to determine the form of the orbit and 
the motion of the body In It Three other elements are requisite for 
determining the position of the orbit in space. These are, the angle 
T S P, the longitude of the perihelion ; the ancle A N e, which is the 
inclination of the orbit to the plane of the ecliptic ; and lastiy, the angle 
T 8 N, the longitude of N the ascending node. 

NoTx 58, p. 10.-^ tf hose plane»y Sre. The planes of the CM-bits, as 
P N A n, fig. 13, in which the planets move, are inclined or make small 
angles e N A with the plane m the ecliptic E N e n, and cut it in straight 
lines, N S n passing through S the center of the suh. 

NoTx 50, p. 13. — JlfoiR«ntnin. Force measured by the weight of a 
body and its speed, or simple velocity, coi^ointiy. The primitive momen- 
tum c^ the planets is, therefore, the quantity of motion which was im- 
pressed upon them when they wdre first thiovn into space. 

NoTB 60, p. 13.~ Unstable egmlibrium. A body is said to be in equili- 
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ilb mhmlmmBed as to icMaiaat) 
fciods of cqnilibtiain, sfcNe and «iwtaM«. If a body 
■qailibriam be slighily diaoubed, it will radearor to retoni to rast by a 
■onOier of moveiaeiits to and fro, which will conciBaallj decreaae till 
Ihey eeaae allofeiher. and then the body will be im i to ied to iti o riginal 
■lateofrepooe. Bat if the eqoilibnaai be unstable, these aiovcaeBia to 
and fia, or oacillatiou, will beeonw greater and greater tiU the cqaiii- 
brioin Is destroyed. 

Non 61, p. 13.— JZetrMTsde. Going backward, aa fioa east to w«^ 
eoaiiary to the moiioo ofthe planeis. 

dirweti0u»- Bath, as never meet, thoa^ 


NoTK 62, p. U.— Parallel 
pmlonged ever so fkr. 

Nora 63, pp. 14, IB.—Th* mkUe fmne. Ire, 
Nma the plane of the eclipdcjv the dis- 
turbed planet moving in its orbit «|»N. and 
d the disturbing planet. Now, d attracts the 
sna and the planet p with diOerent intonslHes 
in thedircetioasdS,dy; the dUfereBce only 
of these forees disturbs the motion of jr; it 
is, therefore, called the disnurMng force. Bat 
this whole distarbing force may be regarded 
as equivalent to three forces, acting in the 
directions ^ 8, ^ T, and p wu The force act- 
ing in the radius vector p 8, joining the cen- 
ters of the sun and planet, is «tlled the 
rmdial force. It sometimes draws the dis- 
turbed planet p from the son, and soasetimes 
brings it nearn' to Idm. The force which 
acts in the direction of the tangent, p T, 
is called the tangential force. It distorbs 
the moUoD of p in longitude, that is, it accel- 
erates its motion in some parts of its wbit 
jgs^ j4^ and retards it 

*' in others, so 

^ that the ra- 

dios vectcw 
S p does not 
move over 
equal areas 
in equal times. 


Lei S, fig. 13, be the 

Fijr. 13. 




(See Note 96.) For exam- 
^ pie, in the position of the bodies in fip. 14, 
^ it is evident that, in conseqoenee of the 
attraction of d. the planet P will have lis 
motion accelerated from Q, to C, retarded 
from C to D, agaUn accelerated from D to 
O, and, lastly, retarded from O to d. The 
disturbing body is here supposed to be at 
rest, and the orbit circular ; but as both 
bodies are perpetually moving with dif- 
ferent velocities in ellipses, the perturba- 
tions or changes in the motions of P are 
very numerous. Lastly, that part of the 
disturbing force which acts in the direc- 
tion of a line ^ m, fig. 13, at right angles 
to the plane of the orbit Npa, may be 
called the perpendicular force. It some- 
times causes the body to approach nearer, 
and sometimes to recede farther froin the 
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pMe of the ecliivtlc, Nmn, than it would otherwise do. The action of 
the disturbing forces is admirably explained in a work on gntvitatlon, by 
Professor Airy, of Cambridge. 

JioTB 64, pp. 36, GB.^Perihelion, Fig. 10, P, the point of an orbit 
nearest the sun. 

NoTK 65, p. 16.—Jlpheiimi. Fig. 10, A, the point of an orbit farthest 
from the sunr 

NoTX 66; pp. 16, «&., 17. In fig. 15 tlie central force is greater than the 
exact law of gravity; therefore the curvature Ppa is greater than P» A 
the real ellipse ; hence the planet p comes to ihe point a, called the aphe- 
lion, sooner than if it moved in the orbit Fp A, which makes the line 
PSA advance to a. In fig. 16, on the contrary, the curvature Pp a Is 
J^. 15. H£. 16. 



less than in the true ellipse, so that the planet p must move through 
more than the arc P y A, or 180O, before it comes to the apheUon a, which 
causes the greater axis P S A to recede to a. 


NoTB 67, pp. 16i 17. — Motion of apsides. 
Let PS A, fig. 17, be the position of the 
elliptical orbit of a planet at any time ; 
then, by the action of the disturbing 
forces, it succesHively takes the position 
P'SA', P"SA", &c., till by this direct 
motion it has accomplished a revolution, 
and then it begins again ; so that the 
motion is perpetual. 

NoTS 68, p. 16. — Sidereal revolution. 
The consecutive return of an ot^iect to 
the same star. 


Note 69, p. 16.— Tropical revolution 
^lo^at to the same troi^e or equinox. 

NoTB 70, p. 17.— TA« orbit only bulges, 
<-e. In fig. 18 the effect of the varia- 
d(Mi in the eccenfilcity is shown, where 
P|i A is the elliptical orbit at any given 
instant; after, a time it will take the 
form P p^ A, in consequence of the 
decrease in the eccentricity CS ; then 
the forms Pp" A, Fpf" A, fcc., conse- 
cutively ftom the same cause, and as 
the major axis P A always retains the 
same length, the orbit approaches more 
tdd more nearly to the circular form. 
But after this has gone on for some 
tbousands of years, the oiUt contracts 
agndn. and becomes more and more 
elliptical. . . , 

2G li 1.2 


1^^.17. 



The consecutive return of an 
ptt, jBV^. 18. 
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NoTC 71, pp. 18, i9.^Tkt ed^tie is the apparent path of the iob fa 
the heavem. See Note 46. 

NoTB 72, p. 18. — This force tend* to jm//, 4re. The force in qaeetiQa 
aeting io tiie direction p «, fig. 13, palls the planet jr toward the plane 
N nt n, or pushes it farther alx>ve it, giving the planet a tendency to move 
in an orbit above cr below its undisturbed orbit N j» a, w|iich aiten the 
angle /» N m, and makes the node N and the line of nodes N n change 
their positions. 

NoTB 73, p. IB.— Motion of the node*. Let S, fig. 19, be the sun ; S X a 
the plane ofibe ecliptic ; P the disturbing body ; alid p a planet moving 
in its orbit pa, of which j» a is so small a part that it is represented as a 
straight line. The plane 8 np of this orbit cuts the plane of the ecliptic 
in the straight line S n. Suppose the disturbing force begins to act on p 
■o as to draw Uie frianet into the arc pp' ; then, fantead of moving in 
the orbit pa, it will tend to move in the orbit pp'n'y whose plane cuts 
the ecliptic in the straight line S a. If the disturbing force acts again 
upon the body when at p', so as to draw it into the arc yp'', the planet 
will now tend to move in the orbit p'p" n'\ whose plane cuts the ecliptic 
tai the straight line Sn". The action of the disturbing force on the 
planet when at p", will bring the node to n"\ and so on. In this man- 
ner the node goes backward through the successive points, a, n'.n ',«"', 
Ike, and (he line of nodes S % has a perpetual retrograde motion abom 



S, the center of the sun. The distarbfog fivee bae been represented as 
acting at intervals for the sake of illustration : in nature it is continuous, 
so that the motion of the node is continuous also ; thoogh it is sometimes 
rapid and sometimes slow, now retrograde and now direct; but on the 
whole, the motion is slowly retrograde. 

NoTX 74, p. 18.— When the dieturlrinr ^net is anywhere in the line 
8 N, fig. 19, <»r in its prolongation, it is in the same plane with the dis- 
turbed planet; and however much it may afiieet Its motions in that 
plane, it can have no tendency to draw it out of it But when the 
disturbing planet is in P, at right angles to the Ifaie SN, and not in the 
plane of the orbit, it has a powerful effect on the motion of &e nodes : 
between these two positions there is great variety of action^ 

Note 75, p. 19. — 71U ekangee in the incfhuition are extremely minute 
when compared with tiie motion of the node, as evidehtiy appears from 
fig. 19, where the angles npn\ n'p'n'% Ate. are much smaller than the 
corresponding angles n Sn', Sa", &c. 

Non 76. p. 90.— Staev and eoeinee. Figure 4 is a circle ; np is the 
sine, and Cp is the cosine of an arc ma. Soppose the radius Cai to 
begin to revolve at m, in the direction ma a; then at the pobit m tiie 
■ifii iisero, and the costaie is eqnal to the radios Cak As the line 0«i 
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tevolVM and takM the MoeeemAve posltioitii Gn, Co, Ch, ^ec, the lines 
%p, aq,br, kc, of the arcs urn, mo, m A, Ate. inereaee, while the cones 
ponding cosines Cp, C 9, C r, itc. decrease, and wlien the revolving radius 
takes the poeidon Cd, at right angles to the diameter ^m, the sine be- 
comes equal to the radius C d, and the cosine is zero. After passing the 
point d, the contrary happens; for the sines «K, /V, 4cc. diminish, and 
the cosines CK, V, 9at. go on increasing, tili at ^ the sine Is zero, and 
the cosine is equal to the radios C^. Tlie same aitemation toices place 
through the remaining parts ^ A, Am, of the circle, so that a sine or cosine 
never can exceed the radius. As the rotation of the earth ia Invariable, 
each point of Its surface passes through a complete circle, or 360 degrees, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, there- 
fore, becomes a measure of angular motion, and vice versd, the arcs of a 
circle a measure of time, since these two quantities vary simultaneously 
and equably, and as the sines and cosines of the arcs are expressed In 
terms of the time, they vary with it Therefore, however long the time 
may be, and how often soever the radius may revolve round the circle, 
the sines and cosines never can exceed the radius ; and as the radius is as- 
sumed to be equal to unity, their values oscillate between unity and zero. 

NoTB 77, p. 31.— The small eccentricities and Uiclhiations of the plan- 
etary orbits, and the revolutions of all the bodies in the same direction, 
were proved by Eoler, La Grange, and La Place, to be conditions neces- 
sary for the staliiUty of the solar system. Becently, however, the peri- 
odicity of the terms of the series expressing the perturbations was sup- 
posed to be BufBcient alone^ but M. Poisson has shown that to be a mistake ; 
that these tliree condidons ar6 requisite for the necessary convergence 
of the series, aud that therefore the stability of the system depend^ oh 
them eonjointly with the periodicity pf the dnes and cosines of each 
term. The author is aware tliat this note can only be intelligible to the 
analyst, but she Is desiroqs of correcting an error, and the more so as the 
conditions of stability afford one of the most striking instances of design 
in the original construction of our system, and of me foresight and su- 
preme wisdom of the Divine Architect 

Note 78, p. 31.— iZemttW medium. A fluid which resists the motions 
of bodies such as atmospheric air, or the highly elastic fluid called ether, 
with which it is presumed that space Is filled. 

NoT« 79, p. 23.— 0M>9«ttty of the eeliptU. The angle « T y, fig. 11, be- 
tween the plane of the terrestrial equator (f T Q, and the plane of theeellp 
ticETe. The obliquity is variable. 

NoTB 80, p. 2i.-'Jwv9ri4Me plane. In the earth the equator is the in 
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NoTB ^ p. 35. -Configuration. The iilativ« po«itioii of the planets 
with regard to one enother, to the sun, ami to the plane of the ec ipttc. 

NoTx P6, p. 26. — In the same manner that the eccentricity of an'Ollipti- 
cal orbit may be increased or dirainighed by the action of the disturbing 
forces, so a circular orbit may acquire less or more elliptic!^ firom the 
same cause. It is thus that the forms uf the orbit of the ^rst and second 
satellites of Jupiter oscillate between circles and ellipses 'U£fering very 
little from circles. 

Note 87, p. 27. — Tke plane of Jupiter*s equator is the imaginary plane 
passing through his center at right angles to his axis of rotation ; and 
corresponds to the plane qEQ,e, in &g. 1. The satellites move veiy 
nearly in the plane of Jupiter's equator, for if J be Jujnter, fig. SS, Pp htai 


S 


Fif(.9^ 



axis of rotation, eQ, his equatorial diameter, which is 6000 miles longer 
than Pp, and if J O and J E be the planes of his orbit and equator seen 
edgewise, then the orbits of his four satellites seen edgewise will have 
the positions J 1, J 2, J 3, J 4. These are extremely near to one anotiber, 
for the angle £ J O is only 3° 5' 30". 

NoTX 88, p. 27. — In consequence of the satellites movins so nearly in 
the plane of Juplter*s equator, when seen from the earth, they appear to 
be always very nearly in a straight line, however much they may change 
their positions with regard to one another and to their primary. For 
example, on the evenings of the 3d, 4th« 5th, and 6th of January, 1835. 
the satellites had the configurations given in fig. 23, where O is Jupiter, 

Fig. 23. 

3 
A 
5 

€ 

and 1, 2, 3, 4, are the first, seccmd, third, and fourth satellites. The satel- 
lite is supposed to be moving in a direction from the figure toward the 
point. On the sixth evening the second satellite was seen on the disc of 
the planet. 

NoTB 89, p. ^.^jSngidar motion or veloeitff is the swiftness with 
which a body* revolves— a sling, for example ; or the speed with which 
the surface of the earth performs its daily rotation about its axis. 

Note 90, p. ^.—Displacement of Juoiter't orbit. The action of the 
planets occasions secular variations in the position of Jupiter*8 orbit, J O, 
fig. 22, without affecting the plane of his equator, J E. Again, the sun 
and satellites themselves, by attracting the protuberant matter at Jupitei's 

Snator, change the position of the {riane J£ without afifeeting JO. Both 
these cause perturbations in the motions of the satellites. 
Note 91, p. 28.— PrecMnon, with regard to Jupiter, Is a retragrad« 
■lotion of the point where the lUies J O* J E, istersof t fig. 28. 
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iDter*«J hf X mta m two of its roMf rtiy* 

:f OTB 92, p. ».— Qpyj *'*' **' A body 
diflen nan that of the • 
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to b« ia opposition 
b9rl80P. lfS,lig.ai»bo dM 



son, and E tlw entfa, then Jbpitar to in opporifion wben at O, and te 

In tbese porttkino the thiee bodies aie in dia 


eoDJooctlon when at C. 
same sfktaght line. 

NoTS 94, p, 9i,—E€lip»e» of tka 
saUUiUs. Let S, Ik. 25. be .the son, 
J Jupiter, and aBbhia shadow. Let 
the earth be movinc in Um orbit, 
In the direction EARTH, and the 
third satellite in the direction abmn. 
When the earth is at E, the satellite. 
In moiring thioofh the are ab, will 
▼anish at a, and reippear at b, on the 
same aide of Jnpiter. If the earHi be 
in R, iaplter will be in opposition; 
and then the satellite, in moving 
Ibzoogh the arc aft, wW yanish cloie 
to the di«e of the planet, and will i^ 
appear on the other side of it. Batif 
the satellite be moving through die 
arc m %, It will appear to pass ovor 
the diie and eclipse the planet. 

Note 95, pp. 30, 42.— JiferufMM. A 
terrestrial meridian Is a line passing 
round the earth and through bom 
poles. In e.very part of it noon hap- 
pens at the same instant. In flgnrea 
1 and 3, the Ifaies N as and NOS 
are meridians, G being the center of 
the earth, and N 8 Its axis of rotation. 
The meridian pasring through the 
Observatory at Greenwich is assumed 
by the British as a flzed origin ftnm 
whence terrestrial longitudes are mea- 
sured. And as each point on thesiuv 
Ace of the earth passes throu^ 360O, 
er a complete circle in twenty-four 
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Aoun, at the rate of 15 degreee in an hour, tfme becomes a repreeeotatiTe 
of angular motion. Hence if the eclipse of a satellite happens at any 
place at eight o'clock in the evening, and the Nautical Almanac shows 
that the same phenomenon will take place at Greenwich at nine, the 
place of observation will be in the 150 of west longitude. 

Not* 96, p. ^O.—Conjunetion. Let S be the sun, fig. 24, E the earthi 
and J O J' C' the orbit of Jupiter. Then the eclipses which happen when 
Jupiter is In O are seen 16in 96* sooner than those which take place when 
the planet Is in C. Jupiter is in conjunction when at C and in opposition 
when in O. 

NoTB 07, p. 90.— /m the diafonal, A-e. Were the line A S, fig. 98| 
100,000 times longer than A B, Jupiter's true place pig, 98. 

would be in the direction A S\ the diagonal of the , 

figure A B S' S, which is, of course, out of propor- pL^ v 

tion. 

NoTK 98, p. ti.—MerraUifn of light. The ce- 
lestial bodies are so distant, that the rajrs of light 
coming from them may be reckoned parallel. 
Therefore, let S A, S' B, fig. 96, be two rays of light 
coming firom the sun, or a planet, to the earth 
mo^ng In its orbit in the direction A B. If a tele- 
scope be held in the direction A S, the ray S A, 
instead of going down the tube, will Impinge on its 
' side, and be lost in consequence of the telescope 
being carried with the earth In the direction A B. 
But if the tube be held hi the position A E, so that 
A B is to A8 as the velocity of the earth to the 

velocity of light, the ray will pass through S' E A. ' 

The star appears to be in tiie direction A S, when ^ 

it really is hi the direction A S', hence the angle S AS' is the angle of 

aberration. 

NoTB 99, p. 31.— i>0Mtty proportional to elasticity. The more a fluid, 
such as atmospheric air, Is reduced In dimensions by pressure, the more 
it resistB the pressure. 

NoTB 100, p. 2Si.—0*cillatiou» of pendulum retarded. If a clock be 
carried from the pole to the equator. Its rate will be gradually diminished, 
that is, it will go slower and slower, because the centrifugal force which 
increases firom the pole to the equator, diminishes the force of gravity. 

Note 101, p. 33. — Disturbing action. The dlstarbing force acts hers 
in the very same manner as In note 63 ; only that the (Usturbing body tf, 
fig. 14, is the sun, 8 the earth, and p the moon. 

Note 108, pp. 34, 36, 8l.-^Psrigee. A Greek word signifying round 
the earth. The perigee of the lunar orbit is the point P, ^. 6, where the 
moon ifl nearest to the earth. It corresponds to the perihelion of a planet 
Sometimes the word is used to denote the point where the sun is nearest 
to the earth. 

Note 103, p. M.Siveetion. The evection is produced by the action of 
the radial force in the direction S o, fig. 14, which sometimes Increases 
and sometimes diminishes the earth's attraction to the moon. It produces 
a corresponding temporary change in the eccentricity, which varies with 
the position of the major axis of the lunar orbit In respect of the line S d; 
Joining the centers of the earth and sun. 

Note 104, p. 34.— Faruitton. The lunar perturbation called the varia- 
tion is the alternate acceleration and retardation of the moon in longitude, 
from the action of the tangential force. She Is accelerated in Kolng firomr 
quadratures In Q, and D, fig. 14, to the ^ointM C and O, called sy^rgies, 
■nd is retarded in gotaif from ibit sysygiM C and O to Q and D again. 
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NoTS 105, p. X.^SqMare tf («««. If the ttmes Increase al the rale of 
1, 2, 3, 4, &c., years or hundreds of years, the squares of the Ames will 
bft 1, 4, 9, 16, Jbc., years or hundreds of ^^ears. 

NoTK 106, p. 37. — Mean mumaly. The mean anooialy of a planet ia 
its angular distance from the perihelion, supposing it to move in a circle. 
The true anomaly is its angular distance from the perihelion in its ellip- 
tical orbit. For example, in fig. 10, the mean anomaly is PC tn, and the 
true anomaly is P S p. 

NoTK 107, pp. 38, 63. — JIfaay evrcMmfereneea, There are 360 d^reea, 
or 1,296,000 seconds, in a circumference ; and as the acceleration of the 
moon only increases at the rate of eleven seconds -in a ceniury, it must 
be a prodigiooa numlMr of ages tiefwe it accumulates to many ciicom- 
feienoes. 

NoTK 106, p. ^S.—Pkatet of the ««o». The periodical changes in the 
enlightened part of her disc fipom a crescent to a circle, depenung upon 
her position with regard to the sun and earth. 

Not* 100, p. Hd.—laoMt telipa: Let 8, fig. 37, be the smi, £ th0 
Mith, and « the moon. The space a A 6 is a aectioa of the shadow, 



which has the form of a eone or sugar-loaf, and the spaces A a e, A ft <, 
are the penqmbra. The axis of the cone passes throuni A, and thnmgfa 
B and S, the centers of the sun and earth, and % m k\b the patii iiS the 
moon through the shadow. 

Nora 110, p. 39.— j9|>pareii< dutmeter. The diameter of a celestial body 
as seen from the earth. 

Note 111, p. 39. — Penumhra. The shadow, or Imperfoet darkness, 
which precedes and follows an eclipse. 

Note 113, p. 39.- -Synoiie revolution of tke moon. The time between 
two consecutive new or full nooons. 

Note 113, p. 39. - l/orizontal rtfraetion. The light, In coming from a 
celestial object, is l)eni Into a curve as soon as It enters our atmosphere, 
and that bending is greatest when the object is in the horixon. 

Nm 114, p. 40.— Soiar oeHfto. Let 8, fig. 88, be the sun, « the noon, 
and E tha earth. Then cEft is the moon's shadow, whteh sometiiiMa 
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a, h« the mil aboal which the body nmlvrt, then putlelei al B,^ 
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£ii«0 li eaetlf eootiam bdqg In tbe diractkm CQ; heoec the dlAr> 
eoce of the two i* the force called grayitation, which maJkea ttodiee IhB 
to the surface of the earth. Ai aoy point, m^ not at the eqoaior, the 
direction of gravity Hmb, perpendjcular to the surface ; bat the centrt- 
timai force acts perpeodicularly to N S, the axis of rotation. Now the 
e»ct of the centrifugal force is the same as if it were two fortes, one of 
whicht acteg in the direction ft «, diminishes the force of gravity ; and 
another which, acting in the direction m t, tangent to the surfiice at «, 
niges the particles toward Q, and tends to awell oat the earth at the 
equator. 

Note 118, p. 44.— AwMynMMw mats, A qoaatity of matter, enary" 
where of the Kune density. 

Non 119, p. iL—Ellip»aid 0/ revolMtion. A solid formed by the nro- 
latloa of an ellipse about its axis. If the ellipse revolve about its minor 
axis a D, fig. 8, the ellipsoid will be sMote, or flattened at the poles like 
an orange. If the revolution be about the greater axis A P, tl^ eOIpsoid 
will be prolate, like an egg. 

NoTS 190, p. 44.— Graceafrie eUipUcai HrtOa. Strata, or layers, having 
an elliptical iorm and the some center. 

Note 131, p. 45.— On tie whole, ^. The line N (^ 8 ^, fig. 1, lepro' 
ients the ellipse in questitm, its mnjior axis being ^ 9, its nunor aids N S. 

Note 139, p. 4&.—Inereatf in tke length of the radii, S-e. The radii 
gradually increase from the polar radius C N, fig. 30, which is least, to 
the equat<n1al radius C Q, which is createst. There is also an increase 
In the lengths of the aru corresponding to the same number of degrees 
from the equator to the poles, for the angle N C r, being equal toqCd, 
the elliptical arc N r is less than q d. 

Note 133, pp. 45, 359.— C^Wim of latitude. The angles m C a, m C ft, fig. 
4, being the latitudes of the points a, ft, fee., the cosines are C 9, C r, Jcc. 

Note 134, f. 46.— .^n ore of the meridian. Let N a 8 7, fig. 30, be the 
meridian, and m n the arc to be measured. Then if Z' m, Z a, be verti* 
cals, or lines p#rpendicttlar to the turfaee of th» earth, at the extremities 
of the arc m a they will meet lap. d a a, a ft ai, are theiatitodes of the 
points m ead a, and their diSerence is the angle mpn. Since the latt* 
tttdes are equal to the height of the pole of the equinoctial above the 
horizon of the places m and s, the angle mpn may be found by observa- 
tion. When the distance m a is measured in feet or fathoms, and divided 
by the. number of degrees and parts of a d^ee contained In th6 angle 
mpn, the length of an arc of one degree is obtained. 

Note 19B> p. 46.*-w« eeriet of triangleo. Let M M', fig. 31, be the 


^.31. 



meridian of any place. A line, A B, is measured witlr rods, on level 
ground, of any number of fathoms, C being some point seen from both 
ends of It. As two of the aiules of the triangle A B O can be measured, 
the lengths of the sides AC, B C, can be computed ; and if the angle 
fa A B, which the base A B makes with the meridian, be measured, the 
length of the sidet Bm, A«^ may be obtained by computation, so that 
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A m, a small part of the meridian, is UetersUned. A<alD» If D be a pnlut 
visible from the extremities of the Icnown line BC, two of the angles of 
the triangle BCD may be measured, and the length of the sides C D, 
B D, computed. Then if the angle Bmm' be measnred» all the- angles 
and the aide B m of the triangle B m in' are Icnown, whence the length of 
the line m m' may be computed, so that the portion A m' of the meridian 
is determined, and in the same manner it may be prolonged indefinitely. 
Note 128, pp. 47. 48.— 7%0 square of the sine of the latitude, Q & m, fig. 
30, being the latltnde of m, < m is the sine, and b e the corane. Then the 
number expressing the length of e «a, multiplied by itself, is the square of 
the sine of the latitude; and the number expressing the length of *«, 
multiplied by itself^ is the square of the cosine of the latitude. 

Note 137, p. m.—Apentdulwrn. is that part of a clock which swings to 
and fro. 

Note 1S8, p. 51. — ParaUax, The angle a Si, fig. SB, under which we 
view an object ab: it therefore diminishes as the distance increase*. The 
parallax of a celestial object is the angle which the radius of the earUi 
would be seen under, if viewed from that object. Let E, fig. 32, be the 


Fig.^. 





center of the earth, EH A» radius, and mH O the horizon of an observer 
at U. Then.H m£ ia the parallax of a body *i, the moon for example. 
As m rises higher and higher in the heavens to the points m', m"j Jcc, 
the parallax H *i' E, H m" B, itc. decreases. At Z, the zenith, or point 
immediately above the head of the observer, it Is zero ; and at m, where 
the body is in the horizon, the angle H m E is the greatest possible, and 
is called the horizontal parallax. It is clear that with regard to celestial 
bodies the whole efihct of parallax (s in the vertical, or in the direction 
m m' Z ; and as a person at H sees m' in the direction H m* A, when it 
really is in the direction E m' B, it makes celestial objects appear to be 
lower than they really are. The distance of the moon from the earth 
has been determined from her horizontal parallax. The angle EmH 
can be measured. E H m is a right angle, and E H, the radius of the 
earth, ia known in miles ; whence the distance of the moon E » is easily 
found. Annual parallax is the angle under which the diameter of the 
earth*s orbit would be seen, if viewed from a star. 
Not* 1S9, p. S&.-'The radii n B, n G, Jcc, fig. 3, are equal in any one 
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parallel of latMadet A a, B G ; tfaerefore a chance In the parallax ob- 
Mired In that parallel can only arise fh>m a change in the monn*s 
dittance from the earth: and when the moon is at her mean distance, 
which is a constant quantity equal to half the mnjor axis of her orbit, a 
change in the parallax observed in diflhrent latitudes. 6 and E, rnunt 
arise from the difference in the lengths of the radii n G and C E. 

NoTB 130, p. 5&.—When JTenus is in her node*. She must be in the 
Une N S n, where her orbit P N A m cuts the plane of the ecUpHc £ N e% 
fig> 13. 

NoTBl31,p.«.^7!ls/tnadcserA#rf,4'«. Let B, flg. 3S, be the Mith^ 

JiXr.33. 



S the center of the sun, and V the planet Venus. The real transit of 
the planet, seen from E the center of the earth, would be in the directloa 
A B. A person at W would see it pass over the sun in the line o a, and 
a perscm at O would see it move across him in the direction v' a'. 

Note 133, p. 5a.—Kepler*e law. Suppose it were required to find the 
distance of Jupiter from the sun. The periodic times of Jupiter and 
Venus are given by observation, and the mean distance of Venus from 
the center of the sun is known in miles or terrestrial radii ; therefore, by 
the rule of three, the square root of the periodic time of Venus is to the 
square root of Ihe periodic tione of Jupiter, as the cube root of the mean 
distance of Venus from the sun, to the cube root of the mean distance of 
Jupiter from the sun, which is thus obtained in miles or terrestrial radii. 
The root of a number is that number which, once multiplied by itself, 
gives its square; twice multiplied by itself, gives its cube, Iec. For 
example, twice 8 are 4, and twice 4 are 8 ; 3 is therefore the square root 
of 4, and the cube root of 8. In the same manner 3 times 3 are 9, and 3 
times 9 are 37 ; 3 is therefore the square root of 9, and the cube root of 37. 

Note 133, p. 55.—- Jiie«r««<|r, 4-c. The quantities of matter in any two 
primary planets are greater in proportion as the cubes <^ the numbers 
representing the mean distances of their satellites are greater, and also in 
proportion as the squares of their periodic times are less. 

Note 134, p. 55.— As hardly anything appears more impossible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing so may have some 
Interest. The atttaction of the sun is to the attraction of the earth, as 
the quantity of matter in the sun to the quantity of matter in the earth : 
and as the force of this reciprocal attraction is measured by its eflbcts, 
the space the earth would foil through in a second by the sun^s attrac- 
tion, is to the space which the sun would fall through by the earth's 
attraction, as the mass of the sun to the mass of the earth. Hence, as 
many times as the foil of the earth to the sun in a second exceeds the 
fall of the sun to the earth in the same time, so many times does the 
mass of the sun exceed the mass of the earth. Thus the weight of the 
Sim will be known if the length of these two spaces can be found in 
miles or parts of a mile. Nothing can be easier. A heavy body falls 
through 16-0097 feet in a second at the surfoce of the earth by the 
aanh*s attraction ; and as the force of gravlqr is taiversdy as the square 
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if Um diotanee, It is clear that 16*0097 feet are to the space a body would 
fall through at the distance of the sua by the earth's attractton, as the 
square of the distance of the sun from the earth to the square of the 
distance of tbe center of the earth from its lurface ; that is, as the square 
of 05,000,000 miles to the square of 4000 miles. And thus, by a simple 
question in the rule of three, the space which the sun would fall through 
in a second by the attraction or the earth may be found in parts of a 
mile. The space the earth would foil through in a second by the attrac- 
tton of the sun must now be found in miles also. Suppose m n, fig. 4, to 
be the arc which the earth describes round the sun in C in a second of 
time, by tbe joint action of the sun and the centrifugal force. By tbc 
centrifugal force alone the earth would move from m to T in a second, 
and by the sun*s attraction alone it would fall through T n in the same 
time. Hence the length of T n in miles is the space the earth would fall 
through in a second by the sun's attraction. Now as the earth's orbit is 
▼ery nearly a circle, if 360 degrees be divided by the number of seconds 
in a sidereal year of 965^ days, it will give mn, the arc which the earth 
moves through in a second, and then the tables will give the length ^ 
die line T C in numbers corresponding to that angle ; but as the radius 
C n is assumed to be unity in the tables, if 1 be subtracted fW>m the 
number representing CT, the length trf* Tn will be obtained ; and wh«n 
multiplied by 05,000,000 to reduce it to miles, the space which the earth 
falls mrough by the sun's attraction will be obtainied in miles. By this 
simple process it is fouAd that tf the sun were placed in one scale of a 
Balance, it would require 354,936 earths to form a counterpoise. 

Note 135, p. 58. The sum of the greatest and least distances, 8 P, S A, 
fig. IS, is equal to P A, the major axis ; and their difiference is equal to 
twice tbe eccentricity C S. The longitude T S P of the planet, when in 
the point P, at iu least distance from the^sun, is the longitude of the peri- 
Aelion. The greatest height of the planet above the plane of the ecliptic 
E N e n is equal to the inclination of the orbit P N A » to that plane. The 
longitude of the -planet, when in the plane of the ecliptic, can only be the 
longitude of one of the points N orn ; and when one of these points is 
known, the other is given, being 180^ distant from it. Lastly, the time 
mcluded between two consecutive passages of the planet through the 
lame node N or n is its periodic time, allowance being made for the recesa 
of the node in the interval. 

NoTS 136. p. 50. Suppose that it were required to find the position of 
a point in space, as of a planet, and that one observation places It in n, 
fig. 34, another observation places it in »', Fig. 34. 

another in n'", and so on ; all the points 
m, n\ n", n"\ &«. being very near to one 
another. The true place of the planet P 
will not differ much from any of these 
positions. It is evident, from this view of 
the subject, that Pn, P»', P»", 4m;. are 
the errors of observation. The true posi- 
don of the planet P is found by tMs prop- 
erty, that the squares of the numbers 
representing the lines P m, P n', kx,., when 
added together, are the least possible. 
Each line P n, P n', &c. being the whole error in the place of the planet, Is 
made up of the errors of all the elements ; and when compared with the 
errors obtained from'theory, it affords the means of finding each. The 
principle of least squares is of very general application ; its demonstration 
cannot find a {riace here ; but the reader Is referred to Blot's Astronomy, 
vol. ii. p. 903. 

Note 137, p. 61.—.^ uxi» tJuU, A-e. Fig. 20 represents the ,e§rth 

M m2 
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■•▼olviiig In ito oritft aboat the ann 8, the axis of rotatloii Tp belnf erery- 
where parallel to iiwlf. 

Note 138, p. Sl.—^njfttlar velocities tkat mre aentibly uniform. The 
earth and planeti revolve about their axes with an equable motioaf which 
is never either fiuter or slower. Por example, die length of the day is 
never mote nor leas than twenty-four houri. 

Note 139, p. 64. If Qg. 1 be ttae moon, her polar diameter N S is the 
shortest; and of those in the plane of the equator, Q.Ef, that which 
points to the earth is greater than all the o&en. 

Note 146, p. 69.~/iie«r#eJy propwtUmat, ire. That is, the total amount 
of solar radiation becomes less as the minor axis C C, fig. 90, of the eaith*s 
orbit becomes greatef. 

K<y»141,p.76. Fig.35iepreBent8tha J^r- 35. 

position of the apparent orbit of the sun 
as it Is at present, the earth being in E. 
The sun is nearer to tlie esith in moving 
through sf^eP T, than in moving through 
T A:£Ss, but iu motion throu^ :£^P T 
is more rapid than its motion through 
T A j^; and as the 8%viftne8s of the mo- 
tkm and the quantity of heat raceivied 
vary in the same pioportioB^ a compeoM- 
tion takes place. 

Mote 142, p. 71.— /n an eUipgoid of rewtlutien, fig. 1, the polar diameter 
NS and every diameter in the equator ffEQ.0 are permanent axes of 
rotation, but the rotation would be unstable al>out any other. Were the 
eaifh to begin to rotate about C a, the angular distance tnm a to the equa- 
tor at ^ would no longer be ninety degrees, which would be immediately 
detected l»y the change it would occasion in the latitudes. 

Note 143, pp. 90, 75. Let y T O, and E T «, fig. 11, be the planes of the 
equator and ecliptic. The angle e T Q, which separates them, called the 
obliquity of the ecliptic, varies in consequence of the action of the sun 
and moon upon the protuberant matter at the earth*s equator. That 
action brings the point Q toward e, and tends to make the plane 9 T CI 
coincide with the ecliptic E T «, which causes the eqtiinocoal points, T 
and :^ to move slowly backward on the plane T E at the rate of 50''*41 
annually. This part of the motion, which depends upon the form of the 
earth, is called hini-solar precession. Another part, totally independent 
of the form of the earth, arises from the mutual action of the earth, 
planets, and sun, which, altering the position of the plane of the ecllptie 
T E, causes the equinoctial points T and ^Cs to advance at the rate of 
0"*31 annually ; but as this motion is much less than the former, the 
equinoctial points recede on the plane of the ecliptic at the rate of W'l 
annually. This motion is called the precession of the equinoxes. 

Note 144, pp. 61, 76. Let 7TCI, 0TE,fig. 36,be the {danes of the 
equinoctial or celestial equator and ecliptic, and p, P, their poles. Then 
suppose p, the pole of the equator, to revolve with a tremulous or wavy 
motion in the little ellipse pcdh in about 19 years, both motions beiiu[ 
very small while the point a is carried round in the circle a A B in 3$,8w 
years. The tremulous motion may represent the half-yearly variation, 
the motion in the ellipse gives an ideaof the nutation discovered by Brad- 
ley, and the motion in the circle a A B arises from the precession of the 
equinoxes. The greater axis p d of the csnall ellipse is IS^'-S, its minor 
axis ftc is 13^-74. These motions are so small, that they have very little 
eflbct on the parallelism of the axis of the earth's rotation during its revo- 
limoBroBnd the son, as represented in fig. 90. As the stan ara fixed, this 
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real motion in the pole of tbe tarth moit came an apparent ehanfe In 
their places. 

Norn 145, p. 78. Let N be the pole, fls. 11, «£ the ecUptie, and Clf 
tbe equator. Then N i» m S being a meriman, and at right angles to the 
equator, the are T m is less than the are T ». 

^ Note 140, p. 80.— JEWioco/ ritii^ of Siriu$, When the star appears 
in the mining, in the horizon, a little before the rising of the sun. 

Note 147, p. 88. Iiet P T A£2^ flg. 35, be the apparent orbit or path 
of the sun, tbe earth being in E. Its maJ(Mr axis, A P, is at present situate 
88 in the figure, where the solar perigee P is between the solstice of 
winter and the equinox of sjMlng. So that the time of the snn's passege 

1 through the arc T A :£^ is greater tban the time he takes to go through 

' the arc =£2: P T . The major axis A P coincided with :& T , the line of the 

equinoxes, 4000 years before the Christian era ; at that time P was in the 

I point T. In 6468 (^ the Christian era, tbe perigee P will coincide with 

s£^ In 1334 ▲. D. the mi^ axis was perpendicular toTd2z, and then P 

r was in the winter solstice. 

\ NoTB 148, p. 83,— 'M the soUtieett ^e. Since the declination of a celes- 

j tial object Is its angular distance ftom the equinoctial, the declination <rf 

I the sun at the solstice is equal to the arc C^ s, fig. 11, which measures the 

obliqui^ of the ecliptic, or angular distance of the plane T e:£: ftom the 
i plane tQ,=£=. 

I NoTS 149, p. 83.— ZmtU distame is the angular distance of a celestial 

' object from the point immediately over the head of an observer. 

Not* 150, p. 8i.— Reduced to the level of the tea. The force of gravita- 
tion decreases as the square of the height above the surftce of the earth 
increases, so that a pendulum vibrates slower on high ground ; and in 
<Nder to have a standard independent of local circumstances, it is neces- 
sary to reduce it to the length that would exactly make 86^400 vibrations 
in a mean solar day at the level of the sea. 

NoTS 151, p. 6i.—A quadrant of the meridaoM is a fourth part of a 
meridian, or an arc of a meridian containing 90°, as N (1,'fig. 11. 


Non 153, p. 86.— TV angnktr velodtf of the oartk*§ ri tei i ' sn Is at tlM 


u( D. r« than Ills todUculliaiB Ihe nn b7 [fas utfledtlQ, ordBD, 

Non IM, pp. m, 90.— D«JJiu2iR. If the earlli ba In C, fl|. II, ud 
(r « T a be the ettulDoctlii]. ud N m S a maridLu. iben s C * & Ihe de- 
:]lultafiofKliodyaiB. Tbarafun (lie «Miie of thu aiifle k Ihs udoa 

Note lU. p. n.—J^tn i jmUi'iif. Tbe Udw wh« Ilu moon la m 
oa meiMlu oT uiT plua, which bappeu abaui tanj-eigbx mlaniM biKr 

MoTB lU, pp. 9S, 134.— F«. 37 ihowi the propafUton of waiga titm 


poind in irtaleh Ui* ir. 


Nori 1ST, p. »i.—71u u*trifrgtl ftrtc mx). te. Tfan untiVunJ 
(bite ncu to a direction alri(bla^eaioN8.1faa uli of muriDn. flg. %*- 
* ■> perpendlcnlu !□ iha wrt^ca QMSof Uh aulfa, luid dlnlnUua aa 
(brce of frarliy SIM. The olheiacti In the dlrectiap of the BnitDIMT, 
which molicfl tba fluid pniUclos tend lowi^ the eijuauir- 
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offit»adaetAa,X«r«c,lEC. OcflMJomlly boththww modMicattoiii ttto 
pbee. 



NoTs 161, p. 106. -^Primatte cryataU of lulpbals o^ nklMl aie eooM- 
what like flg. 48, only ttiot th«y are thin, Uto a hair. 

Nora leS; p. 108. — 2tne, a metal either fbund ae aa ore or vdmd 
with other metali. It ie ufled in makinf bnie. 

NoTB 16S, n. I<r7.~%4l Mi««li a gdid Ji Fig- 40. 

eontaiiied by «z plaae iqiiare Miilheee, 
as 4g. 30. 

Fig. 99. 




NoTS 164, p. 107.—.^ teirakednm is a aoUd eontataied by four triangular 
sor&ces, as fig. 40: of ttUeeolid there are many varietiefl. 

NoTS 165, p. 107. —There are many varietiea of the octahedron. In 
that mentioned in the text, the base aaao, fig. 38,ifa aqnare, but the 
base may be a rhomb ; this solid may also be elongated in the direction 
of its axis AX, or it may be depressed. 

Note 166, pp. 106, 186.-^9 rkombohtdren is a solid eontained by six 
piano sorifhces, as fai flg. 63, the opposite planes being equal and similar 
rhombs parallel to one another; but all the planes are not necessarily 
equal or similar, nor are its angles ri^t angliss. In caibonate of lime the 
angle C A Bis lOSO-55, and the angle B or C is 75O05. 

Nous 167, p. 106.— SshW»«m<m». Bodies raised into vapor which it 
again condenabd into a scriid state. 


Nora 168, p. 100. — The surfhce of a 
colamn of wuftr, or spirit of wine. In a 
eanillary tube, is liollow ; and that of a 
eolamn of qaiekidlver is eonvax, or round' 
#d. as in fig 41. 



J^.41. 



Wei» IK, p. KM^-fcum rmtit, tt. Tb« alanikn n* the Uqtfd la 
inuerin impomon ai Ihe iDHinal dlamelar of Ihe nbe U lew. 
Nirra ITO. p. IIO.~ta fl|. 41, ilie llDaeJ ataain Um dlncden ctf Uw 

'■' — (tone Id Iba Iwo eaait. 

ITI. p. IID.— Wlwnmopl 
la none, the Itqold iltea bi 
other u one of theli uprifhl ed 
I ft taj'parbolft. 


ortkce *HI lie curved clan ta IKmm, bM wHI be of lu oaoal level fbrth*' 
e>l cf Ibe dlMftsce. At aiKh a ^Manee, Iber will eellber ailncl nor 
epel one ftuHher. Bnl a* aooa ai Ibey are bronihl our enonih In bale 
be whale M" ihe Hquid •urflica betvean tbem euTTed, ft> In • >', I V. Ibar 
111 nnh together, ir one be wet and anotbec dIT, « C C. ther wUl 

«y Deal, tbey wUl n»h together, ae la the roroxr ea«,.. ^ 

Hon 1T3, p. 198.— /jilnLt kaa. There la ft ceruln auastltT of heal 
NaTBlT4,p.131.— IltflKtKlMnu. AnriMorwaTMcf UfMnaad, 
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or water, diveige in all direetionfl ftom thc^ origiii I, flg. 43, as from a 
center. Whra they meet with an obstacle 6 S, they strike agidnst it, 
and are reflected or turned baclc by it in the same form, as if they had 
proceeded from the center C, at an equal distance on the other side ni 
the surface SS. 

NoTK 175, p. VaSt.—EUiptical shelL If flg. 6 be a section of an eilipr 
tical shell, then alt sounds coming from the focos S to different points 
on the sorfiice, as si, are reflected back to F, because the angle T m S 
is equal to («iF.- In a spherical hollow shell, a sound diveiging from 
the center is reflected back to the center again. 

Nora 176, p. 136. Fig. 44 represents muMcal strings in Tibratioa : lb* 

1^.44. 



straight lines are the strings when at rest The first figure of the fbut 
would give the ftmdamental note, as, for example, the low C. The 
second and third figures would give the first and seccmd harmonics ; that 
Is, the octave and the l8Ui above C, nn » being the points of rest ; the 
fourth figure shows the real motion when compounded of all three. 

NoTB 177. p. 137. Fig. 45 represents sections of an open and of a diut 
pipe, and or a pipe open at one end. When sounded, the air qxmta- 
neously divides itself into segments. It remains at rest in the divisions 


J^.45 





or nodes nn\ice^ bat vibrates between them in the direction of the 
arrow-beads. The undulations of the whole column of air give the 
ftmdamental note, while the vihrations of the divisions give the bar* 
monies. 

Non 178, p. 13D. Fig. 1, plate 1, shows the vibrathig surfiue when 
the sand divides it into squares, and fie^ represents the same when th* 
nodal lines divide it faito trlan^es. The portions marked a a are In 
difibrent states of vibratton from those marted h b. 
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parallel of latttode, A a, BG; tfaerefore a change In the parallai ob- 
•anred In that parallel can only arise fh>m a change In the monn*8 
dittanoe from the earth: and when the moon is at her mean distance, 
which is a constant quantity equal to half the mnjor axis of her orbit, a 
change in the parallax observed in dlflhrent laUtudes, 6 and E, mutit 
arise from the difference in the lengths of the radii n G and C E. 

Note 130, p. S&.—Wken JTenu* u inker nodes. She must be in the 
Une N 8 n, where her orbit P N Am cuts the plane of the ecUpHc BNen, 
fig. 18< 

ffon IZl, p. S^— The line deeeHbei^^t. Let B, fig. 3S, be the Mith^ 

Fig. 23, 



8 the center of the sun, and V the planet Venus. The real transit of 
the planet, seen fiom E the center of the earth, would be in the dhectioB 
A B. A penKm at W would see it pass over the sun in the line « a, and 
a perscm at O would see it move across him in the direction v' a'. 

NoTB 13S, p. 53. — Kepler*s lav. Suppose it were required to find the 
distance of Juinter from the sua. The periodic times of Jupiter and 
Venus are given by observation, and the mean distance of Venus from 
the center of the sun is Imown in miles or terrestrial radii ; therefore, by 
the rule of three, the square root of the periodic time of Venus is to the 
square root of the periodic time of Jupiter, as the cube root of the mean 
distance of Venus from the sun, to the cube root of the mean distance of 
Jupiter from the sun, which is thus obtained in miles or terrestrial radii. 
The root of a number is that number which, once multiplied by itself, 
gives its square; twice multiplied by itself, gives its cube, 4cc. For 
example, twice 8 are 4, and twice 4 are 8 ; 3 is therefore the square root 
of 4, and the cube root of 8. In the same manner 3 times 3 are 9, and 3 
times 9 are 37 ; 3 is therefore the square root of 9, and the cube root of 37. 

NoTB 133, p. 55.~-Inv0rselff, Src. The quantities of matter in any two 
primary planets are greater in proportion as the cubes of the numbers 
representing the mean distances of their satellites are greater, and also in 
proportion as the squares of their periodic times are less. 

NoTs 134, p. 55.— As hardly anything appears more impossible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing so may have some 
interest. The attraction of the sun is to the attraction of the earth, as 
the quantity of matter in the sun to the quantity of matter in the earth : 
and as the fbrce of this reciprocal attraction is measured by its eflfects, 
the space the earth would fall through in a second by the sun's attrac- 
tion, is to the space which the sun would fall through by the earth's 
attraction, as the mass of the sun to the mass of the earth. Hence, as 
many times as the All of the earth to the sun in a second exceeds the 
fall of the sun to the earth in the same time, so many tiroes does the 
mass of the sun exceed the mass of the earth. Thus the weight of the 
sun will be imown if the length of these two spaces can be found in 
miles or parts of a mile. Nothing can be easier. A heavy bo«ly falls 
through 16-0097 feet in a second at the surfbce of the earth by the 
earth's attraction ; and as the Ihrce of graviqr is faiversdy as the square 
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if the difltance, It i> clear that 16*0097 feet are to the space a body would 
fall through at the distance of the sua, by the earth*a attractton, as the 
square of the distance of the sun from the earth to the square of the 
distance of the center of the earth from its lurface; that is, as the square 
of 05,000,000 miles to the square of 4000 miles. And thus, by a simple 
question in the rule of three, the space which the sun would fall through 
In a second by the attraction or the earth may be found in parts of a 
mile. The space the earth would fall through in a second by the attrac- 
tton of the sun must now be found In miles also. Suppose m «, fig. 4, to 
be the arc which the earth describes round the sim in C in a second of 
time, by the joint action of the sun and the centrifugal force. By the 
centrifugal force alone the earth would move from m to T in a second, 
and by the sun's attraction alone it would fall through T n In the same 
time. Hence the length of T n In miles is the space the earth would fall 
through In a second by the sun's attraction. Now as the earth's orbit is 
very nearly a circle, if 360 degrees be divided by the number of seconds 
in a sidereal year of 965^ days, it will give mn, the arc which the earth 
moves through in a second, and then the tables will give the length of 
die line T C in numbers corresponding to that angle ; but as the radius 
C n is assumed to be unity in the tables, if 1 be subtracted from the 
number representing CT, the length of Tn will be obtained ; and when 
multiplied by 05,000,000 to reduce it to miles, the space which the earth 
falls mrough by the sun's attraction wUl be obt^ned in miles. By this 
simple process it is fouAd that if the sun were placed in one scale of a 
Balance, it would require 354,936 earths to form a counterpoise. 

Not* 135, p. 58. The sum of the greatest and least distances, ^ P, S A, 
fig. IS, is equal to P A, the major axis ; and their difference is equal to 
twice the eccentricity CS. The longitude T S P of the planet, when in 
the point P, at its least distance flrom tfae» sun, is the longitude of the poii- 
nelion. The greatest height of the planet above the plane of the ecliptic 
E N e n is equal to the inclination of the orbit P N A n to that plane. The 
longitude of the -planet, when in the plane of the ecliptic, can only be the 
longitude of one of the pohits N orn ; and when one of these points is 
known, the other is given, being 180^ distant from it. Lastlv, the time 
mcludeid between two consecutive passages of the planet through the 
same node N orn is its periodic time, allowance being made for the recess 
of the node in the interval. 

NoTS 136. p. 50. Suppose that It were required to find the position of 
a point in space, as of a planet, and that one observation places it in m 
fig. 34, another observation places It In «', Fig, 34. 

another in n", and so on ; all the points 
M, n'y n", n"\ ix. being verv near to one 
another. The true place of the planet P 
will not difler much from anv of these 
positions. It is evident, from this view of 
the subject, that Pn, P»S Pa'', 4cc. are 
the errors of observaUon. The true posi- 
don of the planet P Is found by tMs prop- 
erty, that the squares of the numbers 
representing the lines P n, P n', Ice, when 
added together, are the least possible. 
Each line P n, P n', &c. being the whole error in the place of the planet, is 
made up of the ermrs of all the elements ; and when compared with the 
errors obtained from'theory, it afibrds the means of finding each. The 
principle of least squares is of very general application ; Its demonstration 
cannot find a place here ; but the reader is referred to Blot's Astronomy, 
vol. II. p. 203. 

Norm 137, p. 61.— ,^i» axis tkat, ire. Fig. 30 represents the earth 
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penon at A to be in «. So that refiactiont which alwayv acts In a verd 
eal diractkm, raises objects above their true plaee. For that reason, a 
body at S', below the horizon H A O, would be raised, and would be seen 
in r . The son is frequently visible by refVacti(m aftor be is set, or before 
he is risen. There is no refraction in the zenith at Z. It increaws all 
the way to the horizon, where It is greatest, the variation being propor- 
tional to the tangent of the angles ZAS, Z AS', the distances of the 
bodies S B' fhun the zenith. The more obliquely the rays fait the greater 
the refraction. 

Note 186, p. 149.— £riuU«y'« method qf asceriaitiiinf the amount ^ re- 
fi'oetion. Let Z, fig. 90, be the zenith or point immediately above an 
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observer at A ; let H O be his hoifnm, and P die pole of the equinoctial 
AQ. Hence PA Q, is a right angle. A star as neat tolhe pole as • 
would appear to rev(4va about it, in consequence nf tiM rotaHon of the 
earth. At noon, for example, it would be at « above the pole, and at 
midnight it would be in «' below it. The sum ot the true zenith 
distances Z A «, Z A «', Is equal to twice the angle ZAP. Again, S and 
8' being the sun at his greatest distances from the equhioctlal A d when 
in the solstices, the sum of his trae zenith distances, Z A S, Z A S', is 
equal to twice the angle Z A Q. Consequently, the four true zenith 
distances, when added together, are equal to twice the right angle Q A P ; 
that is, they are equal to l&P. But the observed or apparent zenith 
distances are less than the true, on account of refraction ; therefore the 
sum of the four apparent zenith distances is less than 18(P by the whole 
amount of the four reftactions. 

NoTK 187, p. tCO.— 'Terrestrial refraction. Let C, fig. 51, be the 
center of the earth, A an observer at its suiAice, A H his horizon, and 
B some distant point, as the top of a hill. Let the arc B A be the path 
Qf a ray coming fh>m B to A ; E B, E A, tangents to its extremities; 
and A 6, B F, perpendkutaf to C B. However high the hill B may be, 
It is nothing when compare with C A, the radius of the earth ; consa> 

Suently, A B difi^rs so little Arom A D that the angles A E B and 
I CB are supplementanr to one another; that is, the two taken together 
are equal to 18<P. A C B is called the horizontal angle. Now BAH 
is the real height of B, and E A H its apparent height ; hence refraction 
raises the o^cti B, by the angle E A B, above its real place. Againt 
the real depression of A, when viewed from B, is FB A, whereas 
Its apparent deinwssion isFBE,soEBAis due to refnicti<Mi. Tha 
angle F B A is equal to the sum of the angles BAH and A CB ; that 
Is. the true elevation Is enual to the true dewetislen and the hortaontal 
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aofle. But the trae eleTatlon is equal to the apparent elevation dliBltt- 
tabed by the refraction; and the true deprenion ia equal to the ap- 
parent depreMlon inereaaed by refraction. Hence twice the reftaetlon 
!s eqoal to the horixontal angle augmented hy the diilbrence between the 
apparent elevation and the a|q[«rent deprewlon. 

NoTB 18B, p. 151. Fig. S3 repreienta the phenomenon in queatkm. BP 
% the real ■hlp^ with Tib tatverted and direct images seen in the ali; 
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Wen there no reftaction, the rajrs would come from the ship 8 P to the 
eye E In t^ direction of the straight lines ; but, on account of the variable 
density of the inferior strata of the atmosphere, the rays are bent in the 
curved lines PeB, PdE, SmE, SwE. Since an object is seen In the 
direction of the tangent to that point of the ray which meets the eye, 
the point P of tlie real ship is seen at p and p% and the point 8 seems to 
be in s and »' ; and as all the other points are transferred In the same 
manner, direct and inverted images of the ship are finrmed in the air 
It 
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N<m 189, p. 151. FIf . 53 leprewnts the 
Mctfcm. of a poker, wMi the refractioii-prc^ 
duioed Iqr the hot air aoRoundiDs it. 



NoTB IfN^ p. 153.— 7%« toliBr tpectmm. A ray fhNn the aon at 
94, admitted into a darkroom through a small nmBd hole H in a 
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thutter, proceeds in a straight line to a sereen D, on which ii fimM « 
blight circular spot of white light of neaiW the same diameter with ih» 
hole H. Bat when the refhMtlng ande B A C of a glass piism Is inler 
posed, so that the sunbeam falls on AC the first surfbce at the prism, and 
emerges firom the second surfliee A B at equal angles, it causes the raini 
to deviate from the straight path B D, and bends them to the screen M N, 
where they form a colwed inuige VR of the sunt of the same breadth 
widi the diameter of the hole hT but much longer. The space V R con- 
sists of seven colois,— violet, indigo, blue, green, yellow, 'orange, and red. 
The violet and red, being the most and less reArangible rays, are at the 
extremities, and the green occupy the middle part at G . The angle D / O 
is called the mean devtotitm, and the spreading of the colored rays over 
the anf^ie V^ R the dineraion. The deviation and dispersion vary with 
the retracting angle B A Cof the prism, ana with the substance of whiah 
tt is made. 

Note 191, p. 159. Under the same circumstances, and where the re 
flracting angles f^ the two prisms are equal, the angles D/O and V^r ^ 
fig. 54, are greater for ffint-g lass than for crown-glass. But as they vary 
with the angle of the prism, it is only necessary to augment the lefraettaiff 
angle of the crown-glses prism by a certain quantity, to produce nearly 
the same deviation and dispersion with the flint-glas* prism. *>'*— ^ 
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K^n 196, p. 171. Fly. 48 W|a oge u t» Am plmiomcafc ia qnMli oiij iwJMW 
88 ig the surftee. Mid I the center of locideat waves. The reflectai 
waTes are the dark lines Fetuming toward I, which are the saine aa if 
they had originated in C on the other dde of the aarface. 

Note 199, p. 173. Fig. 63 represents a prismatic crystal of toumiA- 
line, whose axis is A X. The slices that are used for polarizing light an 
cut parallel to A X. 


Fig. an. 
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Note 900, p. 175.— I>9tt»2e refraction. If a pencil of light, Rr, ftg. 63^ 
tM* upon a rhombobedron of Iceland spar, AB X C, it is sepamtealnlo 
two equal pencils of light at r, which are refracted In the directions rO, 
rE: when these arrive at O and E they are again refracted, and pasa 
into the air In the directions O o, Eo, parallel to one another and to the 
Incident ray Rr. The ray r O is refracted according to the ordina^ law. 
Which is, that the sines of the angles of incidence and refraction bcwr a 
constant ratio to one another (see Note 184), and the rays Rr, rO, Oe 
are all in the same plane. The pencil rE, on the contrary, is bent aside 
out of (hat plane, and its refraction does not follow the constant ratio 
of the ain«t{ rE is therefue called the extraordinary ray, and rO the 
ordinary ray. In ccmsequence of this bisectioB of the ll^t, a spot of ink at 
O Is seen double at O and E, when viewed from r ; and when the ciyalal 
is turned round, the image E revolves abootO, wliieh remains stationaiv. 

Note SiOl, p. 176. Both of the parallel rays Oe and So^ fig. 63, an 
polarized on leaving the doubly refracting crystal, and in both the parti- 
cles of light make their vihrations at right angles to the lines 0« E«. 
In the one, however, these vibrations lie, fbr example, in the plane of tlie 
horizon, while the vibrations of the other lie in the vertical plane per> 
pendicular to the horizon. 

NoTi 903, p. 177. If light be made to fall In various directions on tha 
natural faces of a crystal of Iceland spar, or on faces cut and pdiBhed 
artificially, one direction, A X, fig. 63, will be found, along which the 
light passes without being separated into two pendls. AX is the optie 
aiiis. In some substances there are two optic axes forming an angle with 
eaeh other. The optic axis is not a fixed line, it only has a fixed dlreo* 
tion ; for if a crystal of Iceland spar be divided into smaller crystals, each 
win have its optic axis ; but if all these pieces be put together again, their 
optie axes will be parallel to A X. Every line, therefore, within the 
crystal parallel to A X is an optic axis ; but as these lines have all the 
same direction, the crystal Is still said to have but one optic axis. 

Nora 908, p. 17B. If IC, fig. 48, be the hicident and G8 the 
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NOTES. 

ehaBfM iDcceiilTatr lo Uidh (idn In On. «B, M, uid 70. Tlis < 
of Dm linli are the mH with thiiM of Itiin pills, but (taBT Tatr 
ttia Italtknw of the nitie. Their brsedUi enlufH « dlmUiiihei 
wlih the color, wbea boawgHierjiii light li naed. ^ 

Non aOB, p. 1S3. Fig, 71 [«pr»«ta the ip- 
pfluKDce pTodaced by plaelnf ■ illce of rock 
uytnl la tbe paluliaa ny r>, %. 64. The 


of rWitJMDM nd lelMlanded au 


fluisi Bn panllel to the u 

ManUa.p.m. SnpinHlttaiii^uiBAPoru tdllpuflg. ie,ni 
k* Innritfal*, bal lh< etcaiitiKnQI C 8 contlnniUly lo dlmliiltli, Uh 
fllllpv would bulge more ud nore ; and when C B T&alBhed. II would 
kac«» ■ elRlB wfaow diemMH b A F. Agsln, IT Ihe n 


^_>l loCP, when It would hecom* ■ Mnlfhi line A P. Tha 

ctrela end ilnJthl Ui* h« UweTote the llmiB at the alllpu. 

Kon an. p. IST.— Tb« colotad rloga en produced by tb« InHrftnuea 
of two DaUibed nn In dlArenl lUtat o( undutetloD, on the inlnclple 

Hon SIS, p. SIT.— irSnt from a non-lnmlnoia KBice be poUiized bf 
nllectlon or reltaetion nt r. fig. 04. the poiadEOd nj r j wlli Im MaiHied 
orlnnudtMbS'nidBleeriiiicaUI under the Bme drcunHUnM iW 
II woald lUip or Iranmit the light ; and If heat nan vluble, ImafBUiBl- 
ofaH to IhMa of Bp. BS,0T, tec. would be leen at the pidnti. 

Hon S13, p. SIS.— The Rev. John ButhuDD, of diailMOD, Boalh 
CanJIns, hu recently ihown, by Ingealoni eiperimfiDtt, tliM the TQltuiv 
lldlneted to bli prey by the Knee ol'^hl alone. 

Hots 311, p. StTv— Tiu clu< CrnUnifiita snliiliii the Ami, moieei, 
Aingues. and eee-weedi; In all of whWh the parti vt tha llowen >» 

Note SIS. p. tW. — ZtajMUi ere tbe animala which ftinn tnadrepona, 
focalt. iBDDgei, fcc 

Hon SIR, p. sea.— The Swriu Irtiu He craanirei at the Ufard or 
eroeodile kind. aonieorihoaeroundlBafiiiBllitslaBraoranonnDiutiu. 

Note nn, p. 31S.— When nitmni 
of jniltln electridiT dHCends from P 
ton.lK.'n^lBe 




drde A B, Ihe ntnfin electricity ai- 
COBda fMm ■ loP, ud tbe Ibrce ti- jn-"'^ 
•nad by ihe ennCDl miiliei the norita f 
ptde or a mBpet nreln aboot iba *t 


"■^. 


ITS In the 
'pnian ^eeHially floin upward 


opoilte dliectton. When (In 
oL piMilln eleeulBlly llowi 
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^•73- • NoTK US, p. no.— rig.' 

73 lepiMenti a helix or 
eoU of copper wire, tennl- 
nated by two eupe coi»> 
taiaiiig a little qHieluilTer. 
When the positive wira 
of a Voltaic battefy is im- 
nerwd in the cup 9, and 
the nefatiTe wire In the 
cup a, the cirouit is con- 
pleted. The quicksUver 
inenrai the eonaeenon between the batleiy and tiie helii, by conyeyiog 
the electrleltr from Ae one to the other. While the electricity Hows 
through the helix, the okagnet 8 N remains suspended within it, but fhlls 
down the aMment it ceases. The magnet always turns its south pole 9 
toward P the posiliTe wire of the batteiy, and iia north pole lowanl the 
negative wire. 

NoTx S18, p. 319.— A copper wire coiled in the fiorai r epr esented in flg. 
73, is an etoetro-dyaamic cyltaider. When ita extrendtlse P and n are 
ooUMSted with tiie positive and negative poles of a Voltaie battery, it be- 
ceaaes a pcHtet magnet during the time that a euirent of electricity is 
flesrtag dirough it, P and m being its north and south poles. There are 
a vatl^ of fonns of this appamlns. 

NoTS 890, p. 333.— fa flg. M the hyperbola HPT, the parabola • PS, 
MrifheelllpeeABPL,have the same focal dlrtaneeflP, and MMnelde 
through a mail space en each aide of the perlheMon P; and as a comet 
Is only vlidUe when near P, It is diflcult to ascertatai which of the thraa 

ItflMnresia. 

^^ 

H 



Nan S9I, p. 313.— In flg. 75, E A fapnaenta the orUt of Balky*8 
CoaMt,BT the oiMt of the earth, and B the aim. The propartona are 
vwy nearly exact 



Non 933, p. 300.— Pig. 74 repreae&ts the curves to qu«ition. It la^ 
evMent that for the saam Ihcal dfatance 8P, there can be but one drelv 
«ft4 one parabnln )» PR, but that there mav be an infinity of ellipses ve 


MOm. 43J 

twMn the eirele ud th« Btmbola, and aa infinity of hypmrbelw HPT 
«xteitor to the parabola j> P R. 

NoTB 9B3, p. 371.— 'Let A B, flf . 98| be the diaoaeter of the earth's oibit, 
and suppoae a star to be seen in the direction A S' from the earth when 
at A. Six montlu alterwaid, the earth having moved through half of 
Its orbit, would arrive at B, and then the star would appear in the diree- 
tion B 8', if the diameter A B, as seen from S', had any sensible magni- 
tude. But A B, which is 190,000,000 of miles, does not appear to be 
greater than the thieicness of a slider's duead, as seen firom 61 Cygni, sup- 
posed to be the nearest of the fixed stars. 

NoTB 894, p. 373.— The mass is found in the manner explained in Note 
1'33 ; but the method of compufing the distance of the star may be made 
more clear by what follows. Tbou^ the orbit of the satellite star is 
really and apparently elllptieal, let it be represented by C D O, fig. 14, for 
the sake of illustration, the earth being in li. It is clear that, when the 
star moves through C D O, its light will take longer in coming to the earth 
firom O than from C, by tiie whole time It employs in passing through 
O C, the breadUi of its orbit. When that time is known by observation, 
reduced to seconds, and multiplied by 190,000, which is the number of 
miles light darts through in a second, the product will be the breadth of 
the orbit in miles. Frbra this the dimensions of the ellipse will be ob- 
tained t^ the aid of observation, the length and positifm of any diameter, 
aa 8ji, may be found; and as all the angles of the triangle dSp cnn be 
determined by observation, the distance of the star from the earth may 
be computed. 

Ners 335, p. 376.— One of Ae gipbular clusters mentioned in the text 
is represented' in fig. 1, plate 5. The stars axe gradually condensed to- 
ward the center, where they ran together Into a blaze somewhat like a 
snowball. The more condensed part is projected on a ground of irregu- 
lariy-scattered stars, which fills the whole field of the telescope. There 
ara few stars in the neighborhood of this cluster. 

NoTS 896, p. 378.— Fig. 8, plate 5, represents one of those enonnoqs 
rings hi its oblique position. It has a dark space in the center, with a 
small star at each extremity. 

Not! 8S7, p. 378.— Fig. 3, plate 5, may convey some idea of the ring 
in the constellation of the Lyre mentioned in the text 

NoTS 888, p. 378.— This most wonderf^ object has the apneanace at 
fig. 4^ plate 5. The southern head is denser than the northera. The 
light of this ^ject is perfectly milky. There are one or two stan in it. 

NoTB 889, p. 378.— Fig. 5, plate 5^ represents this brother system. 

NoTs 830, p. 379.— Fig. 6, plate 5, represents one of the spindle-shaped 
oebule. 

NoTB 831, p. 38S.—Elmtfatun, The apparent angolar dlHaaM of M 
•Ideet from toe center of toe sua. 
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A. 

AsKK&ATioNofUght,30. Note 9a 

AbiorpiioB of solar l%ht by the at- 
mosphere, 152. 

of light by colored media, 155. 

~— not inconristent with the unda- 
latory theory, 171. 

Aecelerati<« in the mean motioa of 
the moon, 36. 

of £ncke*8 cornel, 348. 

— * of Biela's comet, 347. 

Actidental colore, 158.' 

Achromatic tele8cope,159. Note 193. 

Action and reaction, 5. Note 19. 

of light on the retina, ITS. 

Adhesion of glass plates, 101. 

Affini^, chemical, 103. 

Air, atmospheric, analyids of. 111. 

Airy, Professor, his determination of 
the inequality of the earth and 
Venus, 35. His experiments on the 
moticm of polarised light through 
quartz, 186. 

Alge, or sea-weeds, their distiiba- 
tion, 967. 

Algol, a variable star, 364. 

Alhaxen, the Baracea, observed the 
efibcts of refraction, 150. 

Altitude, the heifht of a celestial 
body above the horizon, 148. 

Ampiire, M^ his theory of electro- 
dynamics, 310. 

Analogy between a stretched coed 
and tbe interference of light, 188. 

between the different rays of 

the solar spectrum, 390. 

between light, heat, and sound, 

330. 

Analysis 3. Note 3. 

Analytical fonnuUe, 101. Note 158. 

Analyring plate, a jHece of glass, or 
a slice or a crystal used for exam- 
ining the properties of polariied 
light, 180. 

Ancient chronology, 83. 

An|^ of position of a douUe star, 

Angular motion of the earth, 86. 

Note 153. 
< — veloeity,01,86. Notes 89^138. 

158. 

P 


Angular motions of the first three of 
Jupiter's satellites, 38. Note 80. 

Animal electricity, 399. 

Animals, distribution of, 369. 

Annual equation, 34. 

Anomaly, mean, 37. Note 106. 

Aphelion, 16. Note 65. 

Apsides, 9, 16. Notes 49, 66. 

, motion of, 15. Note 67. 

Arabian science, 34, 37, 85. 

Arago, M., his experiments on pola« 
rized light, 187, 191. His observa- 
tions on the temperature of the 
earth and the air above it, 3S0. Bis 
discovery of electricity from rota- 
tion, 335. His Treatise (mCk>metB, 
347. On theprobability of the earth 
being struck by a comet, ib. He 

S roves that comets shine by re- 
ected light, 359. His estimate of 

the number of comets, 360. 
Arc of the meridian, 46. Notes 134, 

135. 
Arcs a measure of time, 30. Note 76. 
Areas pn^rtional to the time, 8. 

Note 41. 
Armature, a piece of soft iron con- 
necting the poles of a horse-shoe 

magnet, 384. 
Artesian wells, 343. 
Assyrians made use of the week of 

seven days, 80. 
Asbonomical tables, 57. 

J data fbr, 57. 

eras, 81. Note 147. 

Astronomy, phjrsical, 3. 

— — of the Chinese and Indians, 83. 

Atmosphere, analysis, and pressure 

of, 113. 

, the law of its density, 118 

^ the eftct of heat on, 113. 

y the extent of, 113. 

— — , oscillations of, 115. 

— — of the moon and planets, 338. 

of the sun, 338. 

— of comets, 351. 

Atomic weights, 103. 

Attraction of a sphere and sphenM* 

of the earth and moon, 4. 

of tbe celestial bodies^ 5 

— — , nnivevsal, i. 
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AttractioDf capUlury, 100. 

, electrical, 375. 

, magnetic, 306. 

(tf elecnic currents, 3J9. 

Aurora, S89. 

Ajds, lunar, 64. 

, major of irianetary orbits inva- 

ftaMe, 19, 71. 

'— , oonnectioii of, with maan mo- 
tion, 10. 

Axis of rotation, 7, 61. Notes 34, 137. 

, principal, 71. Note 143. 

parallel to itself, 61, 74. 

of the prism, 173. Note 190. 

of a telescope, 31. 

of a cone, 5. Note SS. 

, optic, 183. Note 908. 

of the earth^s shadow, 30. 

B. 

Bftbbege, Mr., his theeiy of volcanic 
action, S49. 

Bacon, 31. 

Back, Capt., cold salEuad by, 341. 

Bailly, M., on the lunar tabiasof the 
' Indians, 83. 

Baily, Mr. Francis, on the foim of 
the earth, 49. 

Barlow, Mr., on terrestrial magne- 
tism, 330. 

Barometer, 113. 

Barometrical measurements, 113. 

Base, trigonometrical, 46. Note 
185. 

Batsha, tides at, 93. 

Battery, Voltaic, 901. 

Becquerel, M., his experiments and 
opUiions of electrical phenomena, 
979. His theory of atmospheric 
electriGit}\S81. His formation of 
crystals, 397. His themo-electric 
battery, SSB. 

Bessel, Professw, his notice of the 
secular variation of the ecUptic,77. 

Biela, M., discovers a comet, 347. 

Binary systems of stars, 365. 

Bissextile, or leap-year, 80. 

Blot, M., his ascent In a balloon, 114. 
His experiments on sound, 131. On 
dreular polarization, 184. His 
theory of electrical light, 379. Of 
terrestrial magnetism, 330. On the 
disturbances of terrestrial mag- 
netism, 33S. His observations on 
the magnetic force during his 
aerostatic expedition, 334. 

Birds, their dispersien, 970. 

BonnycasUe, Capt., his account <^a 


luminous appearance hi the ■••, 
388. 

Bonpland, M., his botanical obav 
vntions,S66. 

Botto, Professor, his experiments Oft 
thermo-electricity, 338, 336. 

Bouguer, M., his mensuration of a 
degree of the meridian at the eqva 
tor, 47. 

Bradloy, Dr., his discovery ni nnn^^ 
tion, 76. His tables of refractioB, 
149. He mentions the two stsn 
ofy Virginis,367. 

Brahmins employed the week of 
seven days, 80. 

Brewster, Sir David, his diseoveiQr 
of fluids in the ci^vities of mine* 
rals, 96. His aaalyas of solar 
light, 156. His law pf the polai- 
ising angle, 179. His investi|a- 
tion of the temperature of sprinp, 
3S8. Bis estimate of the tempera- 
ture of the poles of maxUnum cold, 
and of the poles of rotation, 96a On 
the parallelism of the isothermjd 
aadgeothermal lines, ib. His o^ 
servations on phosphorescenoe, 
886. 

Brinkley, Bishop, his value of the 
mass of the moon, 55. 

Brown, Mr., his botany of Aiimaftlla, 
966. 

Buchan, Dr., his account of a mi- 
rage, 153. 

Barnes, Mr., his account of a vq|c^ 
nic elevation, 848. 


C. 

Ciesar, Julius, his Calendar, 80. 
Cagniard de la Tour, M., his InvHi 

tion of the Syren, 138. 
Calicott, Mrs., her account of tlw 

earthquake at Valparaiso, 348. 
Caloric the cause of heat, 906. 

, the radiation of, 907, 990. 

Calorific rays of the solar apectraiB, 

906. 
independent of light, 806 4< 

»eq. 

, tranwDission of the, 906 et Mf. 

-— , reflection and absorption of tlie, 

313,990. 

, refraction of, 913. 

, polarization of, 915. 

Calotype, 194. 

Capillary attraction, 108. 

of tubes, 106. Notes 1681 16ik 

17(1. 
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OsyUlBiy attneitoa of |i|aiM, lil §t 

seq. Notes 171, ITS. 
CMkter of gravity, 4. Nots 10. 
of the tolar system, Its motkm, 

7,23. Note 82. 

of the unlvefse, 23. 

CentiiliiffU force, 5, M. Nal« IS, 

157. 
Chmldeaas, their ohsenratkms ef 

eclipses, 35, 37. 
Chemieal lays of the sohtf spee- 

iniiii,207. 

. , transmissioii of, 207.- 

Chemical afBoity, 103. 
Chtaiese science, 83, 65. 
Chladni, his experiments on vibra- 
ting plates, 140. Note 179. 
Christian era, 80. 
Chromatype, 190. 

Ctahraot, his eompatatkmof the dis- 
turbances of Halley*8 oonet, 349. 
Cleavage, 107. 
Climate, 253. 

, staMiity of, 209. 

of the planets, 236. 

CUmates, ezcesrive, 261. 

Coal measares, their early fomia- 

tion, 70. 
Cobalt, a metal^ its polarity, 805. 
ODhesiOD, 06 et seq. 
Cohesive force, the hilenslty oL 101 
Cold at Melville Island, 241. 
OoUadon, M., his esperiawnts on 

sound under water, 120. 
OoUision of a comet, 72, 347. 
ColoDBd media, their actloii on light, 

155, 109. ^^ 

*— fringes, MS, 168 «< My. 
Colors, prismatic, 154 §t taq, 
~-!-f accidental, 150. 

f complementary, 160. 

of the stars, 374. 

Columbus discovers the variation of 

the compass, 30& His aeeount of 

the Ottlf-weed, 907. 
Coma Berenices, thtt oonsteUation, 

nebnle fai it, 374. 
Comet, Halley*s, 341. 

, Lexers, 340. 

J Enclce's, 345. 

— ^, acceleratioa of a, 345. 

1 Biela or Oambart*s, 347. 

, shock of a, 348. 

of the year 1680, 348. 

Oometa, 337. 

» orbits 0^ 330, 350. 

, faU of, 10 the sua, 990 

, masses of, 309. 

1 laUs oC 3M. 


Comets, nebttlosity cL 3SA 

, i%ht of, 3S7. 

, number «£, 960. 

Compass. See liariner*s 
CompresiliHi, 4. Note 11. 

of a spheroid, 6. 

of the terrestrial spheroid, 36^ 

48,40. Note 31. 

of Janitor, 7,61. 

of a noid msis la ratftlai, 9p. 

Concentric hollow sphom, liaatMc 

tioB, 4. Note 8. 

eUipticaistiata,44. NolottO. 

Cone, 5. Note 22. 

Configuration cr relativa ^fatHutti 

Jupiter and Saturn, 94. N«M.8S. 
^tof JapitBr's8ateUil8B,93: Hem 

88. 

oflandaadwatot;S^ 

Conic eeetAoas, 5. Note 98. 

CoilfunctlQa, 24. Note 83. 

— — , eontanporaneooi, of plipii% 

41. 
CoonectioB between the vadattoM 

of the ecoentridtar aw 

17. 
Connection between the 

of the nodes and inclioMieih 19. 

Note 75. 
Convejd^ of the eaitiii. 5Ql 
OoArdinates of a ptaaet, la lien 

56. 
Coshiea]idshieofeiiM(^99. Note 

76. 

ofMti^,45. Note 1991 

Cook, Copt., the oldcct of Ue im 

voyage, 59. 
Cordler, M., on the heat of the^Mgh, 

942. 
Coulomb, his fanlanee ef 

275. 
Gumming, Professor, hie 

meats on thermo-electiiel|f «n4 

magnetic coirents, 396. 
Cryptogamia, 967. NoleSM, 
Crystaliaation, 105. 

1 the water of, 106. 

— i , effects of heat on, lOfb 

Cube, 107. Note 163. 

Cubes of mean distencee, S. IkHf 

96. 
Cmreati in the ocean, 94. 
of electricity, 987 4t «•!•» 914 

Curves of the second order, er coale 

sections, 5. Note 99. 
i — of donlde cunratnre eie Itmi 

carved in two diieeiiQae, IMie e 

coric-serew or hellz, Ml. 
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CytaatfpBt 197* 

Cylinder or tube, vlbratlM of, 147. 

— , electro-dynamic, 310. Note 

no. 


Daguerreotype, 195 

Dalton, Dr., his laws of definite |Mt>- 
pordon, 103. His experiments o& 
evaporation, 228. 

Damoiseau, M.^ his computation of 
the pertorliacions of Biela*s comet, 
347. 

Dauboimon, M., on the temperatore 
ofmine8,342. 

Davy, Sir Humphry, hia opinion of 
electric liaht, 379. His decompo- 
ritlon of the earths and alkalies, 
306. His experiments on the tmns- 
mission of the electric fluid, 335. 

Davy, Dr., his experiments on ani- 

' mal electricity, 335. 

Day, the length of, invariable, 73. 

— -, astronomical and sidereal, 81. 
Note 145. 

Declination, 83, 89. Note 154. 

— , cosine of, 90. Note 154. 

Definite proportion, 103. 

— — of electricity, 103. 

Degrees, minutes, and seconds of 
arcs, 9. Note 50. 

— — of the meridian, mensuration 
of, 46. 

Dtiambre, M., his computations 
show that the length of the year 
has not lieen Increased by the 
acticm of comets, 338. 

De la Rive, M., determines the tem- 
perature of an Artesian well, 244. 

De Laroche, M., his experiments on 
the transmission of caloric, 210. 

Density of bodies, 56. 

of the sun uid pluiets, 56. 

of the ocean, 45^ 48. 

of the earth, 73. 

Depth of the ocean, 50, 73, 86. 

Deviation of light Note 191. 

Dew, the formation of, 231. 

Diameter, 3. Note 1. 

of the sun and earth, 55. 

of the moon, Jupttec, and Pal* 

las, 36, 51, 55. 

, apparent, of the snn and plan- 
ets, 38, 55. Note 110. 

Dicotyledonous plants, 367. 

Diffiraction of light, 168, 175. Notes 
193, 196, 197. 

IMp, magnetic, 301. 


DIse, theupivntMufteeorahesv- 

enly body, StO. 
Dispersion of liaht, 158. Note 90. 

on the undttlatory theory, 101. 

Displacement of Jupiter's orUt and 

equator, 28. Note 90. 
Distance of the sun and planets, 53. 

Note 132. 

of the moon, 4, 33. Note 17. 

, perihelion, 10. Note 57. 

of the fixed stars, 54, 363. 

may he found from the multi- 
ple systems, 370. 

, lunar, 37. 

, inverse square of the, 5. Note 

23. 

, zenith, 83. Note 149. 

Disturbing force, 14. Note 63. 

of the sun, 34, 78. Note 101. 

— — of the planets on the moon, SSL 

of the moon on the earth, 74 

of the moon on herBelf, 35. 

Division of time, 78. 

1 decimal, 70. 

DoBbereiner, H., his experiments on 

the combustion of platina, 104. 
Dollond, Mr., his achromatic teto* 

scope, 150. 
Double refraction, 175. Note 900. 

stars, 365. 

Dunlop, Mr., his catalogue of double 

stars, 368. 
Dupeney, Captain, his delssmina 

tion of the magnetic equator, 303. 
Dusejour, M., proves that a comet 

cannot remain long near the eartfi, 

338. 
Dynamics, the seiense of force and 

motion, 306. 

E. 

Earth, form of the, 5, 43. 

, ftom arcs, 45. . 

, from pendulum, 47. 

— — , ftom lunar theory, 30. 

, fhxn precession and nntatioQ, 

50. 

, fW>m the mean of all, 49. 

, mean diameter, circumference, 

polar and equaunrial radios of the, 

47. 

y density of the, 56, 73. 

, internal structure of the, 73. 

, central heat, and temperature 

of the, 67 et 9eq^ 341 et teq, 

, magnetism of the, 300. 

, magnetic by induction, 330. 

, rotation of Uio. See Rotation 
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BurtlMpmlffffl. 9ih 

, noise off 133. 

Echoes 133. 

eelipses of the son, 40. Note 114. 

of the moon, 39. Note 109. 

of Jupiter's satellUes, 39. Notes 

93,94. 

of the planets, 41. 

Ecliptic, 8. 

, plane of, 10. 

, secalar variation of, 19, 75, 77. 

GfypUans, their year and week, 80. 
Clastic bodies, vibrations of, 13S H 

aeq. See Vibration. 
Elasticity of the atmoephere, 112 et 

of matter, 06. 

Electric Induction, 370. 

intensity, 377 et 9e§. 

tension, 378. 

clouds, 381. 

currents, 391, 314, 319 $t tea. 

and magnetic currents, 319 et 

9tq. 

machines, 333. 

Electricity, common, Si71. 

, efiecu of, 383, 386. 

— , sources of, 371, 380. 
^ atnoospheric, 5281. 

— , velocity of, 384. 

, Voltaic, 390 et etg, 

— , animal, 390. 

— t thermal, 338. 

— by rotation, 33.'>. ■ 

— producing rotation, 316 

— of metallic veins, 333. 
— — , magneto, 333. 

-— , idenUcal with magnetism, 33S. 

, identity of all the kinds, 336. 

Electrics and non-electrics, 371 et 
eeq. 

Electro'magnetism, 314. 

magnetic induction, 317, 318. 

magnets, 317. 

dynamic cylinden, 319. Note 

319. 

-— - dynamics, 319. 

Elements of the planetary orbits, 9. 
Note 57. 

, how founded from observa- 
tion, 58. Note 135. 

Elements of parabolic orbits, 339. 

of stellar orbits, 364. 

Ellipse, a conic section, 5. Note 34. 
— , the limits of; 187. Note 310. 

Elliiisoid, oblate and prolate, 4. 
Note 9. 

> of revolution, 44. Note 119. 

— , teirestrial, 49. 
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ElUptkcal vt irue moCkm, & Not* 
39. 

Eacke, Piofossor, his deteiminalion 
of the orbit and motion of th« 
comet named alter him, 346. Of 
iU acceleration, 346. And of the 
orbit of the star 70 Ophiuchi, 367. 

Epoch, the, 10. 

->— , longitude of the, 10. 

Equation of the centre, 9, 34. Note 
48. 

of time, 78. 

Equatur, 4. Note 11. 

Equilibrium, stable and unstable, 19. 
Note 60. 

Equinoctial, 9. Note 46. 

Equinoxes, 9. Note 46. 

Era, the ChrisUan, 80. 

Eratosthenes measures a degree of 
the meridian between Syene and 
Alexandria, 48. 

Ether, its nature, 171. 

Ethereal medium, 31, 97, 171. 

, temperature ot^ 339. 

, resistance of, TSSH* 

, vibrations of, 171, 193, 194. 

, elasticity of, 31. Note 99. 

EudoiBs describes the state of the 
heavens about the time of the 
Trojan war, 84. 

Evectlmi, a lunar inequality, 34. 
Note 103. 

Eccentricity, 9. Note 53. 

, secular variation of the, 17. 

of the orbits of Jupiter*s s•te^ 

lites, 37. 

of lunar orbit constant, 36. 

of the terrestrial orbit diminish- 

ing, 19. 

•->— of the tenrestrla) orbit. Its varia- 
tion the cause of the acceleratlOB 
in the moon's mean motion, 37. 

Expansion of substances by heat 
233. 

Bitra<NrdiDBry refraction, 150 

lay and image, 173. 

F. 

Fall of heavy bodies, 6, 49. 

at the sur&ce of the sun aad 

planets, 56. 

Fall of meteorites, 381. 

Faraday, Dr., reduces the gasea to a 
liouid state, 99. * BU causes of 
affinity, 103. His experiments on 
OMntaneous combustion, tfr. His 
theory of the aurora, 389. Hit 
views of eleetio-chemlcal ileooia 


■^Vl 


■■■I 


^mm 


4d0 


iNoex. 


pOflltloB, «?. Hk ezporlMeiiti 
on the tranimissioii of electricity, 
9B9. He produces rotatory noCloB 
by the electric tome, 315. His 
experiments on iiMgBeto*^ectri* 
el^, ass. He proves the Identity 
of the electric and aiagneltc Adds, 
394. His ezplanatioii of electrtd- 
ty evolved by rotation, SBS. His 
ciasstflcatimi of magnetic sub- 
stances, 3S7. Bis experiments on 
the inductimi of tenestiial msf- 
netlsra, 332. He supposes rota- 
lion a cause of elecdic currents 
in the eanb, 333. On the otoIu- 
tion of electric currents, and Iden- 
tity of the different lifnds of elec- 
tricity, 338. 

Faye's comet, 341. 

Fiedler, I>r., his nilgorttes, 983. 

Figute of the earth. See Earth. 

Fl uids, the undulations of, 93. Note 
156. 

, compression of, 90. 

--— , capillary attraction of, 111. 

Focal distance, 5. Note 83. 

length of a lens. Note 196. 

FOci of an ellipse, 5. Note S9. 

Forbes, Professor, his expcMments 
on heat, polarization of, 316. On 
the beat ef moonlight, 339. His 
experiments during the annular 
eclipse of the sun, 158. 

Foree, the unknown cause of mo- 
tion, 4 St pasHm. 

proportional to velocity, 8. Note 

37. 

, gravitating, 6. See Gravita- 
tion. 

^ centrtAigal, 5, 43. Notes 18, 

117. 

f molecular, 96. 

— — , electric, S74. 

of lishtning, S83. 

Forces wrhieh ax the ntfare of the 
conic sections la which the Jan- 
ets and comets move, 360. Note 
223. 

Foster, Capt., remarks on the clear- 
ness with which sound Is trans- 
mitted over Ice, 130. 

Fourier, M., his estimate of the tem- 
perature of space, 940. On the 
deeieese of central heat, 34S. 

Fox, Mr., on the tempentufe of 
■Uiies,94a. On the law of mag- 
netic inlenitfty, 306. On currants 
irf'eleetriclty In metallic veins, 331. 

Franklin, 6ir John, his obtervstkins 


on the lemperaHife of the AieHi 
regions, 960. 

Freunhofer, Professw, his darklhwn 
In the solar spectrum, 1S7. His 
s^ar epeetrum, 193. 

Fresnel, M., proves the ettraordtaa 
ry ray to be wanting in some sub 
stances, 177. Bis experi m enti on 
circular and elliptical polarisa 
Uon, 186; and on light passing 
through the ax^ of qnarte, 187 
On the ittterfiBrence of light, Itt. 

Fringes of color about circular aper 
tures, 166. Note 196. 

Fulgorites, 983. 

Fundamental note In music, ISS. 

G. 

Galileo first observed the nodal 

points of vibrating bodies, 140. 
Galvnni, Professor, his discovery 

990. 
Galvanometer, 318. 
Gambart, M., his oompulation of 

the elements of a comet, 347. 
Gardner, Mr., on the configuration 

of land and water, 9S8. 
Ga3^Lu8sac M., bis law of tlie com- 

binatlon of gases, 103. His eatl- 

matlon of the length of a flash of 

lightning, 383. 
Gensanne, M., his observatkms on 

the heat of mines, 949. 
Giesecke, Sir Charles, on isothermal 

lines, 900. 
Glass impermeable to heat, 310 «l 

seq. 

prism, 153. ISote 190. 

1 crown and flint, propeftles of, 

158. 
, polaridng ai^le of, 179. Note 

906. 

, Tibrations of, 141. 

Ctoodrioke, M., Ms opinion of varia- 
ble stars, 365. 
Graham, his compensatian pendu 

lam, 234. 
Gravitation, ^ 44. Note 5. 
-— »-, terrestrial, 4. 
decreases ftom die puies to the 

equator, 44. 

, the intensity of, 4. Nete 13. 

of the planett and satellttes, & 

Note 98. 
-— , valversal, 6 st ms. 

, the nature of, 386. 

propertioBiU lo the masii ft. 

Notes 27, 98. 


iir»Bx« 


ist 


QmvitailoB,a 

trie Mtton, 97 1* nf. 
Gravity, th« dfarecdoQ of; 4S» 
Qnmi inequaU^ of Jnpitor ud Utr 

arm 24, 83. 
Ctarat oomet of 1843, 3S0. 
CkioMldl, hla dlKowry of tolorad 

fringa^ on tiw borders of ibadoWB, 

109. 
Grytli, gritthopimri, fBriekoti, lo- 

«mta,Jfce^l95,l«u 
Gymnottts eloctricui, 390. 

H. 

HaidlBfor, Mn his •xperiinrali od 

ciyftaHntlon, lOflL 
Hall, the flnt to eoostroet an aehiO' 

matic telescope, 150. 
Halley*! comet, 341. 
Hanstein, Profenoc, dlaoorofe M 

tMhstancei to be mafaelie tn a 

enrtafai pooitiaB, 305. 
Harmonic divUions of a nuuleal 

string, 134. 
"-^ dMaions of a Mdmin of ak, 

137. 
flarmonyf 136b 
Harris, Mr. Snow, his expariaienti 

OB electrteity, 970 tt jeg. 
HanisoD,Mr.,ms 

duliiai,994. 
Hearing, the extent of, 190. 
-", eKparioMHtBof filr. 

00,135. 
, expsfimeaiia of H. Satvast 

196. 
ileat, theory of, 900. 

, transmission of, 906. 

— — of variOQs ktnda, 910. 

— >, aolar, trannnlBaioB of, S13. 

, mazimom point of. In 

qiectram, S14. 

, polarization oi, 315. 

^ analogy betwwn Nglit aad, 

918. 

radiant, 890. 
ezpanslOB hjr, 998. 
, propagjgton ci, 995. 

' ' , IIHBIlt, mml* 

, application of, 939. 

, snpposed to cunsist of unda* 

lations of the othereai mediom, 
330. 

— <^, solar, 931 «« m^. 

y quantity of solar, 833. 

^ ipuaitt^ of solnr ioet and gain- 
ed by the earth, iaanariaUe, Sttl. 

, eentml, of earth. 341 et Mf . 


Hi^i^ ■^■■^MdhHsl. 


afffHth, 
of,9S. 
«<; on 


Heifht of atnospiMM, 114. 

oflUes,M. 

-— of Aonntaina, 7. 

BflUaMl rising, 80. Notol4«. 

Belis, cirettlar and etUptlcftI, 180. 

Henry, Professoi; hSi Ut i iyw i j 
■Mgnet, 317. 

Hcnchel. Sir WIUtalQ, hla diaeov- 
ery of the sateH&tes of Salum and 
Uranaa,39; of the rotation of J«. 
plter^ aaieUlles^ 05 ; of the eal» 
hfie rays of the soAar apecttiim, 
190. His obeer ^ aM o M oniheiwhit 
of oimdmuai faoat In the oolar 
speetnm, dl4. Bis aeeowit of 
the nnclMM of the ooflMC of 1811« 
3SS. Number of iaed stars he 
saw in <me how, 3$L His eaia- 
logue of doable stars, aad ^Mscot- 
eiT of the binuy ^stems» aOfiw 
His ohsewoliona of r Serpsntarii, 
and of g Orionis, 368. On Hit 
moHoa of the solar syataoi, 87Bi 
Bia obeerfotkiBa on tho IfUky 
Wwft 374. On cl ual a r s of stars, 
97& OnthenebakB,a70. Btosi' 
deiMd aslronany, 381. 

Bsrsflhel, fllr John, his estimatfton 
of the dUekneas of Juitor's ifaBg. 
08. Ho aseiibea the oeeveoaa ot 
the earth's teoiperaton «o liM ae- 
eate variation of the eso w t ri cl ty 
of the eardi's orbtt, 70. ()■ the 
decrease of heat in the noitem 
hemisphere, A. Praposei the oat 
of Ofoinoctial thne, 81. Hia m- 
marks on the cleamesi of aoond 
dorfngthe night, 130. On thaft- 
dor, 133. His distioTery of two 
new prismatic col(ws, ISO. His 
argument In favor of the undola' 
tory thMcy of H^ 100. Onttao 
phenomeaa of .polariaartna of 
light, 179. On polarivteg appa- 
mta%183. Bis ttKovedM in iha 
photographic spectnaa, 107. On 
Iba dtaeonttnoiiy of eafaNtfe spee- 
tmm, 9M. His dbcoveqr of the 
parathermic rays, 331. Hlstlieory 
of volcante aetton, 040ii Sapposei 
the ether may be la motfoa, 3S0. 
On the contraction of the heads 
of comets, 356. On the graytia. 
tlon of the binary syotena, 368. 
His eRtimation of the dtstaneM of 


VIriliiti, il. Addi u Ilia uu- 
lofiH at donbla mm, an. On 
tin tatoi <tf [>M ion, n*. Om 

Henclwl, MIm Airelliie. her Obmr- 


nOou of SmtWt 


■Wl, 3U. Tbo^t ha aaw the 
nhiwof ato—i, 3S!. Handou 
a nikUa «u, 3H. Hli obacr- 
(MboM of HaUey'a eoatt, 3U. 
HIpiiudididbeixran pnmikin, TS. 
Hli caulofBe of Ran, 3S3. 


of tba Tull^ of 1b» al 


peramn of nlua, C4a. Oa Uh 
dhtrllnilhM oflMM, >M- BItia 

tasteal obiertatkiiu, SB6. OoUit 
OaMlmtOD of nluili. 9ST. Oc 
lhaaalf-wood,Ste. HlaoUora 


Hanmu, tail BDduJUair tbaurr of 
Hnwrtola. 11. NOM 2). 


IM, !■ *«Ma RftacUoa, 177. 

oaafU fin poUiliini UAI, IE 

tRipanBaaba b* Votnle ola 

laabwgi drUM fMoi tlw polM, W 


B doublv nttacHiif lubttueo, 
L NotaSM. 
onnil aa an anaJrabif Plata. 


lealaad^ac a M^thi* anal, >' ;. 
luaca ftinB atmtal wttk «•■ op. 

tleaiia,ie3. Mouan. 
bom ■ cnaW nilh two onOa 

aiaf,18a. SouMe. 
Inpenu. a ftna proporrtnual lo lk« 

nua and Uh •«»■« of ttaa *•- 

loclQ of tba niiklaa Ipir ob- 

JoIhUt. 131. 
ImpodasraUe a|«An, 330. 
iDKcHn l^BM In phmof im ffck ivao- 

tnuo. SM. 
Incllnitllan uf )ilaiietary oiMl^ 9. 

wtaUoB of, IB. Now TB. 

ladlaia, tha laaai aUaa oC S. 
iDaqniliitn. Sea Ptatofbatfaaa. 
laaaeth tlw lanUnllni of; 970. 


norilHoanli,Tl. 

pa af JaptMr,^ SI. 
n of Sainn mil Haca, 


toI.sa. NotaBl. 

iDJvene, 33. 

n oftflitaiiu, i. Now 


TOfy, Mr., hit delannlaatloa of tbf 
roim or the teimnUl iBhiiiiiM 
13, 47. Hli KranlB te Mio 

metneal maaaunmaaK 113. Oi 
Iha dlKillHtlaa of the •laeMc Bu 


JoTlal Brataai, tha mam oC U. 

Julian Calandat, SO. 

laiiltt. Iha mnrRaahia of; M, 
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JupiteTf magnitude uf, 56. 

, mass of, 55. 

, rotation of, 61. 

, precession and natation of, 28. 

, in conjunction and opposition, 

30. Note 96. 
and Saturn, their theory, 34. 

Note 84. 
f ttpiter*8 satellites, theory of, 36. 

, masses of, 526, 54. 

, orbits of, 96, S7. Notes 86, 87. 

— — -, law in the mean motions and 

mean longitudes of, 28. 
— , sjrnodic motions of, 39. Note 

92. 

, eclipses of, 29. Notes 93, 94. 

, configuration of, 27. Note 88. 

— -, efifect of Juiriter's form on, 26. 

, secular variations of, 27 et »eq. 

, periodic variations of, 28. 

, efiectB of the displacement of 

Ju|riter*s equator and orbit on, 38. 

Note 90. 
-— — , rotation of, 65. 
, libration of, 64. 


Kater, Capt, determines the length 
of the seconds pendulum at Lon- 
don, 84. 

Kempelen and Kratzenstein, their 
gfieaking nuichine, 147. 

Kepler discovers Uie form of the 
Irianetary orbits, 5. Note 96. Bis 
laws, »ft. 

Kui^er, M., his observations on the 
isoihermal lines, and the poles of 
maximum c<dd, 261. Discovers 
a nocturnal variation in the com- 
B, 303. 


La Grange, M., proves the stability 

of the Solar System, 32. 
Laiande, M., his computation of the 

contemporaneous conjunctions of 

the ptanetB, 41. 
Limine, vlbratioDS of, 140. Notes 

181,182. 
Ijamouroujc, H., on .the distribution 

of sea-weeds, 267. 
Languages, collation of, 270. 
-^ — , vocal articulation of, imitated 

by machines, 147. 
La Place, the Bfarqois, his determ^- 

natloB of the invariable plane^ 23 ; 

and of the great inequality or Ju- 


irfter and Saturn, 24. Proves that 
the lunar perigee and nodes are 
not afl^ted by the resistance 
of ether, 36. He discovers the 
cause of the lunar acceleration* 
t^. His theory of spheroids, 43. 
He ascribes the motions of the 
planets to a common original 
cause, 61. Proposes the year 1250 
as a universal epoch, 81. Quota- 
tion from, 82. Proves the Indian 
tables to be as recent as Ptolemy, 
83. Proves that the discrepancy 
l>etween Newton's theory of the 
tides, and observation, depends, 
upon the depth of the sea, 86. On ' 
the utility of Investigations of 
cause and effect, 90. On capilla- 
ry attraction, 109. On the oscil- 
lations of the atmosphere, 115. 
On the comet of 1770, 338. On 
Bailey's comet, 342. On the ex- 
tent of solar attraction, 344. On 
the comet of 1682, 357. On the 
origin of the Solar System, 377. 

Latent heat, 29B. 

Latitude, terrestrial, 4. Note 11. 

— — , celestial, 0. Note 54. 

, square of the sine of the» 47. 

Note 126. 

Length of a wave, 131. 

of the seasons variable, 60. 

^the day invariable, 66. 

of the civil year, 79. 

of the Egyptian year, 80. 

of a degree of the meridian, 

46. 

— - of the pendulum at London, 
84. 

of the tails of comets, 355. 

Lens, 150. The glasses of a tele- 
scope and of spectacles are lenses. 

Leslie, Sir John, his theory of the 
internal structure of the globe, 73b 
On radiant heat, 307. 

Level of the sea, 84. Note 150. 

Lexel, Mn his comet, 340. 

Libration of the moon, 64. 

of Jupiter's satellites, 64. 

Light, 148. 

, velocity of, 31. 

, reflection and refraction of, 

148,170. Notes 184> 196. 

, analysis of, 154. Note 190. 

, absorption of, 154. 

, intensity of, 164. 

, dispersion and deviatim o^ 

158, 191. 

, propagation of, 164, 171. 
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'iietloni, M., btai ezpecimeBta oa tbe 
transmiflsitm of caloric, 906 «t #09. 

On the point of maximum heat on 
the aolar spectrum, 215. 

Mercury, the planet, rotatkm of, 60. 

, climate of, 240. 

Meridian, 40. 

, mensuration of, 46. Note 134. 

, form of, 47. 

— — , quadrant of, 83. 

Messier, M., on Lexers comet, 340. 
Was the first who observed 
Encke's comet, 345. 

Metals, dilatatioB of, 233. 

.Meteorites, 381. 

Meteors and footing stars, 382. 

Mdtre, a French measure, 84. 

Mica, its action on light, 180, 181. 

Milky Way, 54, 374. 

Mines, temperature of, 343. 

Minor axis o( an ellipse, 5. Note 34. 

Mirage, 151, 153. 

Miraldi, M., discovers the rotati<m of 
Jupiter*8 fourth satellite, 65. 

Mitacherilch, Professor, on, crystali- 
satlon, and the efliicC of heat on 
crystaline bodies, 105, 106. His 
theoiryof isomorphism,107. On the 
expansion of crystaline bodies,324. 

Motoeular attraction, 96. 

Molecules, or uldmaia particles, 101. 

Moil, Professor, his temporary mag- 
nets, 317. 

Momentum (rf* the planets, 13. Note 
59. 

Monoeotyledonous plants, 367. 

Monsoons, 118. 

Moon, theory of the, 33. 

^ periodic and secular perturba- 
tion of, 34 et 9tq, 

— , action of planets on, 35. 

— disturbs her own motion, 35. 

— , acceleration of, 36. 

y periods of her secular inequal- 
ities, 37. . , ^ 

^ mean anomaly of,37. Note 106. 

, form of, 64. 

— -, mass of, 55. 

, rotation of, 63. 

, libration of, 64, 66. 

y constitution of, 65. 

, light of. 230. 

y aunosphere oC 338. 

, phases of, 38. 

— — , eclipses of, 39. 

, orbit of, 33. 

— *, nutatioa of, 38. 
aad earthV lecipfocal attrac- 
tion. 5. 


Moon*ssoutfain8«91. Note 155. 

Moorcroft, UxnmM botanloal obser- 
vations, 365. 

Moser's discoveries, 333. 

Mossotti, Professor, his theory, 97 
etteq. 

Motion, mean, 9. Notes 43, 45. 

f true, 9. Note 44. 

of solar system, 6. 

of transkuion and rotation. 6, 7. 

of solar perigee, 81. 

of lunar perigee and node6^37. 

— of ether, 350. 

Mundy, Captain, his observattons 
on mirage, 152. 

Musical sounds, 135. 

— — faistrumentB, 137 tt sm. 

-*— strings, vibrations of, 134 eC m. 
Note 176. 

N. 

Nature, laws <^, 386. 

Nebula^ 376w 

i forms of, 377, 378. 

^— , stellar and pianelmy, 77B. 

— — , constitution of, 380. . 

• , distribution of, 380. 

Nebulosity of comets, 353, 357. 

Nebulous stars, 379. 

Needle, the magnetic, 300. 

, the dipping, 301. 

Newton, Sir Isaac, on the attraction 
of spheroids, 4. His discovery of 
gravitation, ib. Of the laws of 
elliptical motion, 4, 23. Oh the 
figure of a fltUd mass in rotation, 
43. His theoiy of the tides, 86. 
His analysis of light, 153, 154. His 
theory of light, 161. His rings, 

165. Mensuration of his rings, 

166. His scale of colors, 167. 
Nickel, sulphate of, its properties, 

106. Note 161. 
Nodal points of vibrating strings and 

columns of air, ]34et«e;. 

lines in air, 144. 

lines on cylinders, 141. 

lines on surfaces, 138. 

Nodes, ascending and descending, 

10. Note 55. 

, motion of, 18. Note 73. 

connected with the incUnattoh, 

19. 
Norman, Bobert, discovers the mag- 

netic dip, 305. 
Natation of earth's axis, 76. Nola 

144. 
I of lunar orbit. 7. Note 35 


NmnttsB, raclpRKaJ, of Mllb ud 

luiuocHtT. Note SB. 
, aflteu of, 73. 


, elTecU of, on fniiution, 

, denritr of, SO. 

—-, DHiio dcpiii of, ee. 
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Platins, spontaneoiu combttsfitMi of, 

104. 
Poinsot, M., on the invariable plane, 

Pniason, Baron, his researehes on 
capillary attraction, 109. On the 
distribntion of the electric fluid, 
276. On tlie law of the maimetic 
force, 306, 309. 

Polar Btar, 77. 

Polarization of light, 173 

by refraction, 173. 

by reflection, 178. Note 20S. 

, circular, 183 et sig. Note 209; 

, elliptical, 187. 

, discovery of, 189. 

of heat, 215. 

, circular, of heat, 217. 

Polarized light, 173. 

, undulations of, 176, 188. Note 

«01. 

, phenomena of, 180 et sea. 

Notes 207, 208. 

In quartz, 18^ 187. 

, interference of, 188. Note211. 

Polarizing angles, 179. Note 305. 

apparatus. Note 206. 

Poles of rotation, 4. Note 11 . 

of celestial equator, or equinoc- 
tial, and of eclipUc, 9, 76. Note 
46. 

— of maximum cold, 260. 

, magnetic 300. 

Pouillet, M., his estimation of the 
quantity of heat annually received 
from the sun, 251, 252. On the 
production of atmospheric elec- 
tricity, 281. 

Powell, Professor, on the dispersion 
of light, 191. His experiments on 
heat, 213. 

Precession and nutation, 74. Notes 
143,144. 

, efiects of, 75, 77. 

Prifacipal axis of rotation, 71 

Prism, its use, 153, 154. 

Prismatic colors, 154. 

Probabilities, theory of, its nttllty, 59. 

Problem of the three bodies, 11. 

Projected, 5. Note 20. 

Q. 

Quadrant of the meridiaD, 84. Note 
151. 

Cluadratures, 9. Note 51. 
Quadrupeds, their distribution, 270. 
Quartz, or rock crystal, its proper- 
ties, 177, 188, 187. 

Q 


R. 

RadiflS force, 7. 

Radiation, 221 et »ea. 

-^ — of the earth, 251. 

of the sea, 256. 

, solar, 68, 281. Note 140. 

Radii vectores, 8. Note 40. 

Radius, 4. Note 15. 

, terrestrial, polar, and eqttalo* 

rial, 47. 

» solar, 56. 

vector, 14. 

Raflles, Sir Stamford, his account 
of the volcanic irrupdon at Sam 
bawR, 247. 

Rain, 222. 

Ratio, 4, 5. Note 16. 

Rays of Light. 148. 

of beat, 208. 

■"'—>, chemical, 193 et seq. 

, extraordinary and ordinary, 

177. 

Reflection of light. Notes 184, 196. 

— ^, extraordinary and total. Not© 
184. 

of sound, 131. Notes 174. 

175. 

of waves, 131. Note l?4v 

Refi>action of light, 148, 149, 171. 
Notes 184, 198. 

, atmospheric, 148. Note 18S. 

in eclipses, 39. 

, terrestrial, 150. Note 187. 

, extracwdlnary, tSO. Notes 18R 

189. 

Repuldve force, 96. 

Resisting medium, and its eflfecte, 
21,162,163,346. Note 78. 

Resonance, 144. 

Retr(»rade moUon, 13. Note 61. 

Revolution, sidereal, of planets, 16. 
Note 68. 

— — , tropical, 16. Note 69. 

-: — , synodic, 39. Note 112. 

and rotation of the celestial 

bodies in the same direction, 61. 

Rhombohedron, 175. Note 200. 

Richman, Professor, killed by light- 
ning, 283. 

Richter, bis observations on the pen- 
dulum at Cayenne, 51. 

Rings, Saturn's, 62. 

, coldred, round, small aper- 
tures, 168. 

— -, Newton's, 165. Note 194. 

Ritchie, Professor, causes water to 
rotate, 316. On the compoeitkm 
of water by magnetic actkni, 39& 
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Strove, PiofeMor, on the ilMgs of 
Snturn, 63. On HaUey*s comet, 
343. Oft tbe doQbte slefs, aes. 

SttOf the center of gnvitalioB, 5, 6. 

->-— , motion of, 8, 370* 

J magaitiide of, 65. 

— -^ eclipses of, 40. 

--— , parallax and distanae of, 58. 

— »— , maaa of, 55. 

-*-, rotation of, #1. 

— , constitution of, 838, 939. 

-^ — ^ Hght and atmospheie of, fX3B. 

f spot! on, 330. 

—V heat of, 951, 959. 

SwAeea vibrating, 137. 

Branbeig, M., on the temperature 
of apace, 940. 

Sykes* Coin on the iieight at which 
wheat grows, 364. 

Synodic revolution, 39L Mote 11& 

Syren, 138. 

Syrup, physical properties of, 164. 

System, Solar, its stability, 91. 

, its motion, 6, 370. 

of Jupiter and his satellites, 77. 

— of binary stars, 367. 

SyzygieB,88. Note 153. 

T.. 

Tangent, 8. Note 38. 
Tangential force, 15. 
Temperature, internal, of the eartii, 

67,349. 

, stratum of mean, 341. 

— - of mines, 949. 

of wells, 943. 

—^ of ocean, 94A. 

^ superficial, of eaith, 349. 

— -, eflhcts of, on vegetation, 969. 
——of space, 941. 
~ of the sun, moon, and planets, 

938et«ea. 
Terrestrial latitude and longitude, 4. 

Note 11. 

meridian, 45. 

refraction, 150. 

magnetism, 300, 333. 

Tessular syatras, 107. 
Tetrahedron, 107. Note 164. 
Theocy of Jupiter's satellites, 98. 

of the moon, 33. 

of the tides, 85. 

-*— s atomic, 101. 
— — of sound, 199. 

of light, 148 et teq. 

of heat, 906. 

of electricity, VliUteq. 

Thermal springs, 9S3< 


Thermo-eleetrie^y, : 
Thermo-multiplier, 
Thunder, 133. 
Tides, theory of, 86. 

, semi-diurnal, 87. 

', jemi-annual, 89. 

->^, efiects of declination (», SO- 

Note 154. 

, neap and springf 89 

, height of, 89, 91. 

^-~, pro|»gation of, 90. 

, forces prodticing, 93. 

at Batsha, 9S. 

Time, mean and apparent sniar, 78 
-— , mean and apparent sidereal, 

77,78. 

i equinoctial, 81. 

-T— , equation of, 78. 

, square of, 36. Note 105. 

, divisions of, 79. 

"nmocharis, his oiw^rvatioas^ TSi. 
Torpedo, its ^ectrie propertiea, 990. 
Tourmaline, its propertiaH, 173, 176» 

178. Note 199. 
Trade winds, 116. 
Transit of Venus, 89. Note 181. 
Transmission of light, 17K 

of uadnlattona, 133. 

of sound, 139. 

of heat, 906. 

Translation, 7. Note 36. 
Triangulation, 46. Note 195. 
Tropical vevolotioa, l«u Note 09 
Tuning-fork, experiment with, 133. 


tr. 


Nele 


Undulations of water, 93, 93. 

156. 
<^alr, ilhMtmted by those of a 

field of corn, 133. 

of air, 134. 

of ether, illustrated tiy those of 

a cord, 164, 186, 187. 

, small, 115. 

Undulatory theoiry of light,161 at ttq. 
Uranus, 339. 

, his distance from the sun, 53. 

, his satellites, 39. 

Universe, 33, 381. 

V. 

Valz, Hi., on Halley's comet, 343. 

On the nuclei of comets, 356. 
Vapor. 938. 
Variation, a lunar inequality, 34. 

Note 104. 
— — <^the compass; 300 «t uq. 
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Varieiiea ol' nwinkiiiii, SJO. 
Vegetatkm, 98L 
Velocity of light, 31. 

of electricity, S84. 

, eompvative, 960. 

of the gravilatiiig faree^ 386. 

Vcnoa, her actioB on the earth, ^. 

, her nodes, 13, S2. 

, transit of, S3. 

, climate of, 240. 

Vibiations of mosical sliinfs, 134. 

of columns of air in pipes, 137. 

of elastic solids, 138 et teq. 

— ^-ayoBpathetic, 1, 142. 

of polartied light,17ia. Note 901. 

. Volcanic action, 346. 

, theories of, 340. 

Volu^ Professor, lus eoBstnietkm of 

the Voltaic pile, 390. 
Volta-electric inductioii, 333. 
Voltaic battery, 303. 

electricity, discovery of, 300. 

, pKopeitles of, 394. 

— , laminoiis effects oC 885. 

, chemical eflfoets o( 306. 

, transforence of, SB7. 

, compositioQ by, 307. 

^ effects of, on the senses, 890. 

V<diune, 56. 

W. 

Water, decompoaitloa and c<Mnpo- 

Mtioa of; 306, 388^ 336. 

of crystalization, 105. 

a conductor of sound, 189. 

^ rotation of, 316. 

Week, the antiquity oC 80. 
Weight of the atmosphere, 113. 
— decreases fttm the poles to tlie 

equator, 44^ 49. 


Wdght at the anrfnccs of the 
and planets, 56. 

Wei^iUs and measures, 81 

Wheatstooe, Frofessor, his musieal 
instruments, 138. Hisezpoiments 
OB vibrating snrftoes, 140. On-the 
transmission of aonnd, 145. On re- 
sonance, 146. On tlie velociQr of 
the electric fluid, 284. On the 
spectrum of the Voltaic spark, 385w 

Willis, Bfr., his speaUng-reed. 147. 

Wolbutton, Dr., on die extent of 
the atmoejrtiere, 101. On the ex- 
tent of hearing. 135. On refrac- 
tion, 151. Discovers the chemical 
rays and dark lines of the aolar 
spectrum, 157, 194. On rotatory 
motkm.by the electro-magnetie 
force, 315. On the light of the 
celestial bodies, 303. 

Y. 

Year, civil or tro|Mcal, and ddereai 
years, 77 et »eq. 

Young, Dr. Thomas, on the compresr 
slon of substances, 73. His hiero- 
glyphic researches, 84. On cajdl- 
lary attraction, 109. On the love 
of harmony, 136. Establishes the 
nndulatory theory of light, 163. 
On the interference of light, 109. 
On radkuu heat, 330. 

Z. 

Zodiacal Ught, supposed to be tiie 
atmosphere o^ the sun, 379; or 
accOTding to La f lace tnd fhrofti- 
sor OlDwied, 1 nv^«:ixv k id.' re 
vr\vin(t !■» t' < n'^t \ v* «^* iioK 
eqiir*oi. V^ 
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